
       

Materials & Streams Report 
for Supplementary_11_bacterial_base_case 

1. OVERALL PROCESS DATA 

Annual Operating Time 7,910.52 h 
Unit Production Ref. Rate 10,000,000.00 kg MP/yr 
Batch Size 15,384.62 kg MP 
Recipe Batch Time 122.52 h 
Recipe Cycle Time 12.00 h 
Number of Batches per Year 650.00 

MP = Total Flow of Stream 'Final Product' 

März 21, 2020
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2.1 STARTING MATERIAL REQUIREMENTS (per Section) 

Section Starting Material Active Product 

Amount
Needed

(kg 
Sin/kg 

MP)

Molar
Yield

(%)

Mass
Yield

(%)

Gross
Mass
Yield

(%)

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 kg/yr kg/batch kg/kg MP
Air 343,764,986 528,869.21 34.38
Amm. Sulfate 35,642 54.83 0.00
Ammonium Chlori 1,413,929 2,175.27 0.14
Ca Hydroxide 2,832,921 4,358.34 0.28
H3PO4 (2%) 5,888,196 9,058.76 0.59
HNO3 (70%) 7,047,516 10,842.33 0.70
NaH2PO4 382,899 589.07 0.04
NaOH (0.5 M) 8,139,705 12,522.62 0.81
Sucrose 27,852,048 42,849.30 2.79
Water 156,074,880 240,115.20 15.61
TOTAL 553,432,721 851,434.96 55.34
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2.3 BULK MATERIALS (per Section) 

SECTIONS IN: Main Branch 
  

Fermentation Section 
Material kg/yr kg/batch kg/kg MP
Air 151,161,792 232,556.60 15.12
Amm. Sulfate 35,642 54.83 0.00
Ammonium Chlori 1,413,929 2,175.27 0.14
Ca Hydroxide 2,832,921 4,358.34 0.28
H3PO4 (2%) 5,888,196 9,058.76 0.59
NaH2PO4 382,899 589.07 0.04
NaOH (0.5 M) 8,139,705 12,522.62 0.81
Sucrose 27,852,048 42,849.30 2.79
Water 102,589,778 157,830.43 10.26
TOTAL 300,296,909 461,995.24 30.03
  

Downstream Section 
Material kg/yr kg/batch kg/kg MP
Air 192,603,194 296,312.61 19.26
HNO3 (70%) 7,047,516 10,842.33 0.70
Water 53,485,102 82,284.77 5.35
TOTAL 253,135,812 389,439.71 25.31
  

 

2.4 BULK MATERIALS (per Material) 

Air 
Procedure % Total kg/yr kg/batch kg/kg MP
Fermentation Section (Main Branch) 
P-51 43.97 151,161,792 232,556.60 15.12
Downstream Section (Main Branch) 
P-27 56.03 192,603,194 296,312.61 19.26
TOTAL 100.00 343,764,986 528,869.21 34.38
  

Amm. Sulfate 
Procedure % Total kg/yr kg/batch kg/kg MP
Fermentation Section (Main Branch) 
P-36 100.00 35,642 54.83 0.00
TOTAL 100.00 35,642 54.83 0.00
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Ammonium Chlori 
Procedure % Total kg/yr kg/batch kg/kg MP
Fermentation Section (Main Branch) 
P-38 100.00 1,413,929 2,175.27 0.14
TOTAL 100.00 1,413,929 2,175.27 0.14
  

Ca Hydroxide 
Procedure % Total kg/yr kg/batch kg/kg MP
Fermentation Section (Main Branch) 
P-4 94.38 2,673,691 4,113.37 0.27
P-1 0.51 14,423 22.19 0.00
P-15 5.09 144,231 221.89 0.01
P-16 0.02 576 0.89 0.00
TOTAL 100.00 2,832,921 4,358.34 0.28
  

H3PO4 (2%) 
Procedure % Total kg/yr kg/batch kg/kg MP
Fermentation Section (Main Branch) 
P-4 46.04 2,710,960 4,170.71 0.27
P-1 8.47 499,000 767.69 0.05
P-15 42.60 2,508,111 3,858.63 0.25
P-16 2.89 170,126 261.73 0.02
TOTAL 100.00 5,888,196 9,058.76 0.59
  

HNO3 (70%) 
Procedure % Total kg/yr kg/batch kg/kg MP
Downstream Section (Main Branch) 
P-3 100.00 7,047,516 10,842.33 0.70
TOTAL 100.00 7,047,516 10,842.33 0.70
  

NaH2PO4 
Procedure % Total kg/yr kg/batch kg/kg MP
Fermentation Section (Main Branch) 
P-34 100.00 382,899 589.07 0.04
TOTAL 100.00 382,899 589.07 0.04
  

NaOH (0.5 M) 
Procedure % Total kg/yr kg/batch kg/kg MP
Fermentation Section (Main Branch) 
P-4 78.39 6,380,525 9,816.19 0.64
P-1 6.18 503,334 774.36 0.05
P-15 13.32 1,084,242 1,668.07 0.11
P-16 2.11 171,603 264.01 0.02
TOTAL 100.00 8,139,705 12,522.62 0.81
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Sucrose 
Procedure % Total kg/yr kg/batch kg/kg MP
Fermentation Section (Main Branch) 
P-9 100.00 27,852,048 42,849.30 2.79
TOTAL 100.00 27,852,048 42,849.30 2.79
  

Water 
Procedure % Total kg/yr kg/batch kg/kg MP
Fermentation Section (Main Branch) 
P-4 3.84 5,994,189 9,221.83 0.60
P-34 7.04 10,983,223 16,897.27 1.10
P-36 7.26 11,330,523 17,431.57 1.13
P-38 6.38 9,952,193 15,311.07 1.00
P-9 17.85 27,852,048 42,849.30 2.79
P-18 0.01 11,170 17.18 0.00
P-21 1.72 2,688,973 4,136.88 0.27
P-23 0.19 299,528 460.81 0.03
P-25 18.98 29,621,716 45,571.87 2.96
P-1 0.71 1,103,335 1,697.44 0.11
P-15 1.52 2,376,715 3,656.49 0.24
P-16 0.24 376,164 578.71 0.04
Downstream Section (Main Branch) 
P-26 19.88 31,034,775 47,745.81 3.10
P-11 14.38 22,450,327 34,538.96 2.25
TOTAL 100.00 156,074,880 240,115.20 15.61
  

 

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

Raw Material 
Fermentation

Section
Downstream 

Section
  

Air 15.12 19.26  

Amm. Sulfate 0.00 0.00  

Ammonium Chlori 0.14 0.00  

Ca Hydroxide 0.28 0.00  

H3PO4 (2%) 0.59 0.00  

HNO3 (70%) 0.00 0.70  

NaH2PO4 0.04 0.00  

NaOH (0.5 M) 0.81 0.00  

Sucrose 2.79 0.00  

Water 10.26 5.35  

TOTAL 30.03 25.31  
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2.6 BULK MATERIALS: SECTION TOTALS (kg/batch) 

Raw Material 
Fermentation

Section
Downstream 

Section
  

Air 232,556.60 296,312.61  

Amm. Sulfate 54.83 0.00  

Ammonium Chlori 2,175.27 0.00  

Ca Hydroxide 4,358.34 0.00  

H3PO4 (2%) 9,058.76 0.00  

HNO3 (70%) 0.00 10,842.33  

NaH2PO4 589.07 0.00  

NaOH (0.5 M) 12,522.62 0.00  

Sucrose 42,849.30 0.00  

Water 157,830.43 82,284.77  

TOTAL 461,995.24 389,439.71  

 

2.7 BULK MATERIALS: SECTION TOTALS (kg/yr) 

Raw Material 
Fermentation

Section
Downstream 

Section
  

Air 151,161,792 192,603,194  

Amm. Sulfate 35,642 0  

Ammonium Chlori 1,413,929 0  

Ca Hydroxide 2,832,921 0  

H3PO4 (2%) 5,888,196 0  

HNO3 (70%) 0 7,047,516  

NaH2PO4 382,899 0  

NaOH (0.5 M) 8,139,705 0  

Sucrose 27,852,048 0  

Water 102,589,778 53,485,102  

TOTAL 300,296,909 253,135,812  
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3. STREAM DETAILS 

Stream Name Air for Drying S-116 Water for NH4Cl NH4Cl
Source INPUT P-27 INPUT INPUT
Destination P-27 P-14 P-38 P-38
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 25.00 37.66 10.00 20.00
Pressure (bar) 1.01 1.21 1.01 1.01
Density (g/L) 1.18 1.35 1,000.17 1,519.00
Total Enthalpy (kW-h) 2,086.91 3,140.07 179.28 19.00
Specific Enthalpy (kcal/kg) 6.06 9.12 10.07 7.52
Heat Capacity (kcal/kg-°C) 0.24 0.24 1.01 0.38
Component Flowrates (kg/batch) 
Ammonium Chlori 0.00 0.00 0.00 2,175.27
Argon 2,726.08 2,726.08 0.00 0.00
Carb. Dioxide 118.53 118.53 0.00 0.00
Nitrogen 231,390.51 231,390.51 0.00 0.00
Oxygen 62,077.49 62,077.49 0.00 0.00
Water 0.00 0.00 15,311.07 0.00
TOTAL (kg/batch) 296,312.61 296,312.61 15,311.07 2,175.27
TOTAL (L/batch) 251,282,950.90 218,767,731.69 15,308.44 1,432.04
  

Stream Name Cl-Solution S-129 NH4Cl to SFR-1 NH4Cl to SFR-2
Source P-38 P-37 P-5 P-5
Destination P-37 P-5 P-16 P-64
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 10.50 35.00 35.00 35.00
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 1,044.38 1,035.84 1,035.84 1,035.84
Total Enthalpy (kW-h) 198.28 657.88 0.12 3.12
Specific Enthalpy (kcal/kg) 9.76 32.37 32.37 32.37
Heat Capacity (kcal/kg-°C) 0.93 0.92 0.92 0.92
Component Flowrates (kg/batch) 
Ammonium Chlori 2,175.27 2,175.27 0.41 10.31
Water 15,311.07 15,311.07 2.91 72.54
TOTAL (kg/batch) 17,486.34 17,486.34 3.32 82.85
TOTAL (L/batch) 16,743.29 16,881.24 3.21 79.98
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Stream Name NH4Cl to SFR-3 NH4Cl to FR-1
Water for 
NH4SO4

NH4SO4

Source P-5 P-5 INPUT INPUT
Destination P-65 P-4 P-36 P-36
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 35.00 35.00 10.00 20.00
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 1,035.84 1,035.84 1,000.17 1,769.00
Total Enthalpy (kW-h) 31.17 623.46 204.11 0.43
Specific Enthalpy (kcal/kg) 32.37 32.37 10.07 6.80
Heat Capacity (kcal/kg-°C) 0.92 0.92 1.01 0.34
Component Flowrates (kg/batch) 
Amm. Sulfate 0.00 0.00 0.00 54.83
Ammonium Chlori 103.07 2,061.48 0.00 0.00
Water 725.50 14,510.11 17,431.57 0.00
TOTAL (kg/batch) 828.57 16,571.60 17,431.57 54.83
TOTAL (L/batch) 799.90 15,998.15 17,428.58 31.00
  

Stream Name SO4-Solution S-138 Sulfate to SFR-1 Sulfate to SFR-2
Source P-36 P-35 P-6 P-6
Destination P-35 P-6 P-16 P-64
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 10.01 35.00 35.00 35.00
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 1,001.53 992.43 992.43 992.43
Total Enthalpy (kW-h) 204.54 711.89 0.14 3.37
Specific Enthalpy (kcal/kg) 10.06 35.03 35.03 35.03
Heat Capacity (kcal/kg-°C) 1.00 1.00 1.00 1.00
Component Flowrates (kg/batch) 
Amm. Sulfate 54.83 54.83 0.01 0.26
Water 17,431.57 17,431.57 3.31 82.59
TOTAL (kg/batch) 17,486.41 17,486.41 3.32 82.85
TOTAL (L/batch) 17,459.64 17,619.83 3.35 83.48
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Stream Name Sulfate to SFR-3 Sulfate to FR-1
Water for 
NaH2PO4

NaH2PO4

Source P-6 P-6 INPUT INPUT
Destination P-65 P-4 P-34 P-34
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 35.00 35.00 10.00 20.00
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 992.43 992.43 1,000.17 2,040.00
Total Enthalpy (kW-h) 33.73 674.65 197.85 2.05
Specific Enthalpy (kcal/kg) 35.03 35.03 10.07 3.00
Heat Capacity (kcal/kg-°C) 1.00 1.00 1.01 0.15
Component Flowrates (kg/batch) 
Amm. Sulfate 2.60 51.96 0.00 0.00
NaH2PO4 0.00 0.00 0.00 589.07
Water 825.98 16,519.69 16,897.27 0.00
TOTAL (kg/batch) 828.58 16,571.66 16,897.27 589.07
TOTAL (L/batch) 834.90 16,698.10 16,894.36 288.76
  

Stream Name PO4-Solution S-108
Phosphate to 

SFR-1
Phosphate to 

SFR-2
Source P-34 P-33 P-2 P-2
Destination P-33 P-2 P-16 P-64
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 10.05 35.00 35.00 35.00
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 1,017.63 1,008.53 1,008.53 1,008.53
Total Enthalpy (kW-h) 199.91 692.93 0.13 3.28
Specific Enthalpy (kcal/kg) 9.84 34.10 34.10 34.10
Heat Capacity (kcal/kg-°C) 0.98 0.97 0.97 0.97
Component Flowrates (kg/batch) 
NaH2PO4 589.07 589.07 0.11 2.79
Water 16,897.27 16,897.27 3.21 80.06
TOTAL (kg/batch) 17,486.34 17,486.34 3.32 82.85
TOTAL (L/batch) 17,183.44 17,338.46 3.29 82.15
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Stream Name 
Phosphate to

SFR-3
Phosphate to 

FR-1
Salts to SFR-3 Salts to SFR-2

Source P-2 P-2 P-65 P-64
Destination P-65 P-4 P-15 P-1
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 35.00 35.00 35.00 35.00
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 1,008.53 1,008.53 1,011.95 1,011.95
Total Enthalpy (kW-h) 32.83 656.68 97.74 9.77
Specific Enthalpy (kcal/kg) 34.10 34.10 33.83 33.83
Heat Capacity (kcal/kg-°C) 0.97 0.97 0.96 0.96
Component Flowrates (kg/batch) 
Amm. Sulfate 0.00 0.00 2.60 0.26
Ammonium Chlori 0.00 0.00 103.07 10.31
NaH2PO4 27.91 558.26 27.91 2.79
Water 800.66 16,013.34 2,352.14 235.19
TOTAL (kg/batch) 828.57 16,571.60 2,485.72 248.55
TOTAL (L/batch) 821.57 16,431.45 2,456.36 245.62
  

Stream Name S-123 S-125 S-112 S-118
Source INPUT P-25 INPUT P-21
Destination P-25 P-24 P-21 P-20
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 25.00 35.00 25.00 35.00
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 994.70 991.06 994.70 991.06
Total Enthalpy (kW-h) 1,329.88 1,859.14 120.72 168.77
Specific Enthalpy (kcal/kg) 25.11 35.10 25.11 35.10
Heat Capacity (kcal/kg-°C) 1.00 1.00 1.00 1.00
Component Flowrates (kg/batch) 
Water 45,571.87 45,571.87 4,136.88 4,136.88
TOTAL (kg/batch) 45,571.87 45,571.87 4,136.88 4,136.88
TOTAL (L/batch) 45,814.49 45,982.99 4,158.91 4,174.20
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Stream Name S-120 S-122
Water for 50% 

Sucrose
Process Sucrose

Source INPUT P-23 INPUT INPUT
Destination P-23 P-22 P-9 P-9
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 25.00 35.00 25.00 25.00
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 994.70 991.06 994.70 1,509.84
Total Enthalpy (kW-h) 13.45 18.80 1,250.43 372.84
Specific Enthalpy (kcal/kg) 25.11 35.10 25.11 7.49
Heat Capacity (kcal/kg-°C) 1.00 1.00 1.00 0.30
Component Flowrates (kg/batch) 
Sucrose 0.00 0.00 0.00 42,849.30
Water 460.81 460.81 42,849.30 0.00
TOTAL (kg/batch) 460.81 460.81 42,849.30 42,849.30
TOTAL (L/batch) 463.27 464.97 43,077.43 28,380.09
  

Stream Name S-144 S-106 Batch Sucrose
Fed-Batch 

Sucrose
Source P-9 P-8 Sucrose Storage Sucrose Storage
Destination P-8 Sucrose Storage P-7 P-10
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 25.00 35.00 35.00 35.00
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 1,199.29 1,195.13 1,195.13 1,195.13
Total Enthalpy (kW-h) 1,623.28 2,270.05 185.28 2,084.77
Specific Enthalpy (kcal/kg) 16.30 22.79 22.79 22.79
Heat Capacity (kcal/kg-°C) 0.65 0.65 0.65 0.65
Component Flowrates (kg/batch) 
Sucrose 42,849.30 42,849.30 3,497.27 39,352.03
Water 42,849.30 42,849.30 3,497.27 39,352.03
TOTAL (kg/batch) 85,698.61 85,698.61 6,994.55 78,704.06
TOTAL (L/batch) 71,457.52 71,706.32 5,852.53 65,853.80
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Stream Name 
Fed-batch Sugar

> SFR-1
Fed-Batch Sugar 

> SFR-2
Fed-Batch Sugar 

> SFR-3
Fed-Batch Sugar 

> FR-1
Source P-10 P-10 P-10 P-10
Destination P-16 P-1 P-15 P-4
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 35.00 35.00 35.00 35.00
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 1,195.13 1,195.13 1,195.13 1,195.13
Total Enthalpy (kW-h) 0.16 1.86 17.75 2,065.01
Specific Enthalpy (kcal/kg) 22.79 22.79 22.79 22.79
Heat Capacity (kcal/kg-°C) 0.65 0.65 0.65 0.65
Component Flowrates (kg/batch) 
Sucrose 2.95 35.06 335.04 38,978.97
Water 2.95 35.06 335.04 38,978.97
TOTAL (kg/batch) 5.90 70.13 670.09 77,957.94
TOTAL (L/batch) 4.94 58.68 560.68 65,229.50
  

Stream Name S-110 S-124 S-121 S-127
Source P-7 P-7 P-7 P-7
Destination P-12 P-22 P-20 P-24
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 35.00 35.00 35.00 35.00
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 1,195.13 1,195.13 1,195.13 1,195.13
Total Enthalpy (kW-h) 0.04 0.88 8.78 175.58
Specific Enthalpy (kcal/kg) 22.79 22.79 22.79 22.79
Heat Capacity (kcal/kg-°C) 0.65 0.65 0.65 0.65
Component Flowrates (kg/batch) 
Sucrose 0.66 16.57 165.71 3,314.33
Water 0.66 16.57 165.71 3,314.33
TOTAL (kg/batch) 1.33 33.14 331.43 6,628.65
TOTAL (L/batch) 1.11 27.73 277.32 5,546.37
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Stream Name 
Initial Sugar to

FR-1
Initial Sugar to 

SFR-3
Initial Sugar to 

SFR-2
S-114

Source P-24 P-20 P-22 INPUT
Destination P-4 P-15 P-1 P-18
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 35.00 35.00 35.00 25.00
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 1,013.02 1,003.77 1,002.54 994.70
Total Enthalpy (kW-h) 2,034.72 177.55 19.68 0.50
Specific Enthalpy (kcal/kg) 33.54 34.19 34.28 25.11
Heat Capacity (kcal/kg-°C) 0.95 0.97 0.98 1.00
Component Flowrates (kg/batch) 
Sucrose 3,314.33 165.71 16.57 0.00
Water 48,886.20 4,302.60 477.38 17.18
TOTAL (kg/batch) 52,200.52 4,468.31 493.95 17.18
TOTAL (L/batch) 51,529.36 4,451.52 492.70 17.28
  

Stream Name S-115
Initial Sugar to 

SFR-1
Air input S-153

Source P-18 P-12 INPUT P-51
Destination P-12 P-16 P-51 P-50
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 35.00 35.00 20.00 40.00
Pressure (bar) 1.01 1.01 1.01 6.01
Density (g/L) 991.06 1,003.36 1.20 6.66
Total Enthalpy (kW-h) 0.70 0.74 1,311.41 2,617.60
Specific Enthalpy (kcal/kg) 35.10 34.22 4.85 9.68
Heat Capacity (kcal/kg-°C) 1.00 0.97 0.24 0.24
Component Flowrates (kg/batch) 
Argon 0.00 0.00 2,139.52 2,139.52
Carb. Dioxide 0.00 0.00 93.02 93.02
Nitrogen 0.00 0.00 181,603.45 181,603.45
Oxygen 0.00 0.00 48,720.61 48,720.61
Sucrose 0.00 0.66 0.00 0.00
Water 17.18 17.85 0.00 0.00
TOTAL (kg/batch) 17.18 18.51 232,556.60 232,556.60
TOTAL (L/batch) 17.34 18.45 193,908,413.44 34,903,302.64
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Stream Name S-139 S-148 S-147 S-146
Source P-50 P-41 P-41 P-41
Destination P-41 P-16 P-1 P-15
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 40.00 40.00 40.00 40.00
Pressure (bar) 6.01 6.01 6.01 6.01
Density (g/L) 6.66 6.66 6.66 6.66
Total Enthalpy (kW-h) 2,617.60 0.17 3.97 39.77
Specific Enthalpy (kcal/kg) 9.68 9.68 9.68 9.68
Heat Capacity (kcal/kg-°C) 0.24 0.24 0.24 0.24
Component Flowrates (kg/batch) 
Argon 2,139.52 0.14 3.24 32.51
Carb. Dioxide 93.02 0.01 0.14 1.41
Nitrogen 181,603.45 11.88 275.24 2,759.19
Oxygen 48,720.61 3.19 73.84 740.24
TOTAL (kg/batch) 232,556.60 15.22 352.47 3,533.35
TOTAL (L/batch) 34,903,302.64 2,284.00 52,900.46 530,303.30
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Stream Name S-143 Base to SFR-1 S-133
Inoculum to 

SFR-2
Source P-41 INPUT P-16 P-16
Destination P-4 P-16 P-32 P-1
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 40.00 25.00 35.00 34.92
Pressure (bar) 6.01 1.01 1.01 1.06
Density (g/L) 6.66 2,329.54 1.20 1,009.48
Total Enthalpy (kW-h) 2,573.69 0.01 0.33 1.31
Specific Enthalpy (kcal/kg) 9.68 7.12 15.98 34.34
Heat Capacity (kcal/kg-°C) 0.24 0.28 0.24 0.98
Component Flowrates (kg/batch) 
Amm. Sulfate 0.00 0.00 0.00 0.00
Argon 2,103.63 0.00 0.14 0.00
Biomass 0.00 0.00 0.00 1.63
Ca Hydroxide 0.00 0.89 0.00 0.89
Carb. Dioxide 91.46 0.00 2.53 0.00
NaH2PO4 0.00 0.00 0.00 0.00
Nitrogen 178,557.13 0.00 11.91 0.00
Oxygen 47,903.34 0.00 3.20 0.00
Sucrose 0.00 0.00 0.00 0.00
Water 0.00 0.00 0.00 30.23
TOTAL (kg/batch) 228,655.57 0.89 17.78 32.75
TOTAL (L/batch) 34,317,814.89 0.38 14,821.70 32.44
  

Stream Name Vent SFR-1 S-131 Vent SFR-2 S-119
Source P-32 P-1 P-29 P-15
Destination OUTPUT P-29 OUTPUT P-28
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 35.00 35.00 35.00 35.00
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 1.20 1.18 1.18 1.18
Total Enthalpy (kW-h) 0.33 6.45 6.45 64.04
Specific Enthalpy (kcal/kg) 15.98 14.05 14.05 13.94
Heat Capacity (kcal/kg-°C) 0.24 0.24 0.24 0.24
Component Flowrates (kg/batch) 
Argon 0.14 3.25 3.25 32.60
Carb. Dioxide 2.53 41.85 41.85 410.16
Nitrogen 11.91 276.01 276.01 2,766.84
Oxygen 3.20 74.05 74.05 742.29
TOTAL (kg/batch) 17.78 395.15 395.15 3,951.88
TOTAL (L/batch) 14,821.70 333,750.73 333,750.73 3,340,316.06
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Stream Name Vent SFR-3 Vent FR-1 Emissions S-117
Source P-28 P-4 P-49 P-26
Destination OUTPUT P-49 OUTPUT P-30
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 35.00 35.00 35.00 35.31
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 1.18 1.18 1.18 995.45
Total Enthalpy (kW-h) 64.04 3,906.09 3,906.09 4,994.76
Specific Enthalpy (kcal/kg) 13.94 13.34 13.34 35.14
Heat Capacity (kcal/kg-°C) 0.24 0.24 0.24 0.99
Component Flowrates (kg/batch) 
Amm. Sulfate 0.00 0.00 0.00 0.94
Ammonium Chlori 0.00 0.00 0.00 37.45
Argon 32.60 2,105.38 2,105.38 0.00
Ca Hydroxide 0.00 0.00 0.00 2.11
Carb. Dioxide 410.16 23,261.61 23,261.61 0.00
NaH2PO4 0.00 0.00 0.00 10.14
Nitrogen 2,766.84 178,705.53 178,705.53 0.00
Oxygen 742.29 47,943.15 47,943.15 0.00
pHBA Salt 0.00 0.00 0.00 404.63
Sucrose 0.00 0.00 0.00 767.89
Water 0.00 0.00 0.00 121,064.49
TOTAL (kg/batch) 3,951.88 252,015.68 252,015.68 122,287.65
TOTAL (L/batch) 3,340,316.06 213,890,067.88 213,890,067.88 122,846.60
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Stream Name Purge S-111 Nitric Acid 70% S-103
Source P-30 P-30 INPUT P-31
Destination OUTPUT P-17 P-3 P-3
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 35.31 35.31 25.00 35.31
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 995.45 995.45 1,355.32 1,192.31
Total Enthalpy (kW-h) 2,820.10 2,174.66 186.93 2,332.46
Specific Enthalpy (kcal/kg) 35.14 35.14 14.83 27.50
Heat Capacity (kcal/kg-°C) 0.99 0.99 0.59 0.78
Component Flowrates (kg/batch) 
Amm. Sulfate 0.53 0.41 0.00 0.42
Ammonium Chlori 21.14 16.30 0.00 16.83
Ca Hydroxide 1.19 0.92 0.00 0.95
NaH2PO4 5.72 4.41 0.00 4.56
Nitric Acid 0.00 0.00 7,589.63 0.00
pHBA Salt 228.46 176.17 0.00 18,200.01
Sucrose 433.56 334.33 0.00 345.18
Water 68,354.47 52,710.02 3,252.70 54,419.62
TOTAL (kg/batch) 69,045.07 53,242.57 10,842.33 72,987.57
TOTAL (L/batch) 69,360.67 53,485.93 7,999.83 61,215.11
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Stream Name S-102 S-104 Base to SFR-2
Inoculum to 

SFR-3
Source P-3 P-13 INPUT P-1
Destination P-13 P-11 P-1 P-15
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 33.67 5.00 25.00 34.92
Pressure (bar) 1.01 1.01 1.01 1.06
Density (g/L) 1,114.42 1,128.18 2,329.54 1,008.87
Total Enthalpy (kW-h) 2,525.51 376.92 0.18 32.94
Specific Enthalpy (kcal/kg) 25.92 3.87 7.12 34.32
Heat Capacity (kcal/kg-°C) 0.77 0.77 0.28 0.98
Component Flowrates (kg/batch) 
Amm. Sulfate 0.42 0.42 0.00 0.00
Ammonium Chlori 16.83 16.83 0.00 0.00
Biomass 0.00 0.00 0.00 24.85
Ca Hydroxide 0.95 0.95 22.19 23.08
Calcium Nitrate 9,501.88 9,501.88 0.00 0.00
NaH2PO4 4.56 4.56 0.00 0.00
Nitric Acid 291.91 291.91 0.00 0.00
pHBA (aq) 15,996.21 376.11 0.00 0.00
pHBA (solid) 0.00 15,620.09 0.00 0.00
Sucrose 345.18 345.18 0.00 0.03
Water 57,672.32 57,672.32 0.00 777.87
TOTAL (kg/batch) 83,830.25 83,830.25 22.19 825.83
TOTAL (L/batch) 75,222.94 74,305.82 9.53 818.58
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Stream Name Base to SFR-3Inoculum to FR-1 Base to FR-1 S-105
Source INPUT P-15 INPUT P-4
Destination P-15 P-4 P-4 P-19
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 25.00 34.92 25.00 35.00
Pressure (bar) 1.01 1.06 1.01 1.01
Density (g/L) 2,329.54 1,009.86 2,329.54 1,073.42
Total Enthalpy (kW-h) 1.84 329.16 34.03 6,206.01
Specific Enthalpy (kcal/kg) 7.12 34.28 7.12 31.58
Heat Capacity (kcal/kg-°C) 0.28 0.98 0.28 0.90
Component Flowrates (kg/batch) 
Amm. Sulfate 0.00 0.00 0.00 1.04
Ammonium Chlori 0.00 0.00 0.00 41.25
Biomass 0.00 250.19 0.00 4,901.40
Ca Hydroxide 221.89 244.97 4,113.37 2.32
NaH2PO4 0.00 0.00 0.00 11.17
pHBA Salt 0.00 0.00 0.00 18,477.58
Sucrose 0.00 0.03 0.00 845.87
Water 0.00 7,767.65 0.00 144,794.15
TOTAL (kg/batch) 221.89 8,262.85 4,113.37 169,074.78
TOTAL (L/batch) 95.25 8,182.17 1,765.75 157,510.42
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Stream Name S-113 RVF Cake S-107 S-126
Source P-19 P-17 P-17 P-26
Destination P-17 OUTPUT P-26 P-31
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 35.00 35.12 35.07 35.31
Pressure (bar) 10.47 1.01 1.01 1.01
Density (g/L) 1,073.42 1,003.01 1,061.01 1,191.83
Total Enthalpy (kW-h) 6,206.05 1,094.12 7,286.59 2,340.96
Specific Enthalpy (kcal/kg) 31.58 35.10 32.07 27.51
Heat Capacity (kcal/kg-°C) 0.90 1.00 0.91 0.78
Component Flowrates (kg/batch) 
Amm. Sulfate 1.04 0.08 1.37 0.42
Ammonium Chlori 41.25 3.26 54.29 16.84
Biomass 4,901.40 4,852.39 49.01 49.01
Ca Hydroxide 2.32 0.18 3.06 0.95
NaH2PO4 11.17 0.88 14.70 4.56
pHBA Salt 18,477.58 35.23 18,618.52 18,213.89
Sucrose 845.87 66.87 1,113.33 345.44
Water 144,794.15 21,864.20 175,639.97 54,575.48
TOTAL (kg/batch) 169,074.78 26,823.10 195,494.25 73,206.60
TOTAL (L/batch) 157,510.44 26,742.64 184,253.73 61,423.88
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Stream Name DEF Cake
Water for Cake 

Wash
Wastewater S-101

Source P-31 INPUT P-11 P-11
Destination OUTPUT P-11 OUTPUT P-14
Stream Properties 
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 35.31 25.00 11.90 22.88
Pressure (bar) 1.01 1.01 1.01 1.88
Density (g/L) 1,049.17 994.70 1,058.55 1,217.13
Total Enthalpy (kW-h) 8.50 1,007.92 1,236.11 269.65
Specific Enthalpy (kcal/kg) 33.37 25.11 10.96 10.89
Heat Capacity (kcal/kg-°C) 0.94 1.00 0.92 0.47
Component Flowrates (kg/batch) 
Amm. Sulfate 0.00 0.00 0.42 0.00
Ammonium Chlori 0.01 0.00 16.83 0.00
Biomass 49.01 0.00 0.00 0.00
Ca Hydroxide 0.00 0.00 0.95 0.00
Calcium Nitrate 0.00 0.00 9,501.87 0.00
NaH2PO4 0.00 0.00 4.56 0.00
Nitric Acid 0.00 0.00 291.91 0.00
pHBA (aq) 0.00 0.00 376.11 0.00
pHBA (solid) 0.00 0.00 312.40 15,307.69
pHBA Salt 13.88 0.00 0.00 0.00
Sucrose 0.26 0.00 345.18 0.00
Water 155.86 34,538.96 86,208.11 6,003.18
TOTAL (kg/batch) 219.04 34,538.96 97,058.34 21,310.87
TOTAL (L/batch) 208.77 34,722.84 91,689.95 17,509.17
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Stream Name Humid Air Final Product  

Source P-14 P-14  

Destination OUTPUT OUTPUT  

Stream Properties 
Activity (U/ml) 0.00 0.00  

Temperature (°C) 50.00 50.00  

Pressure (bar) 1.01 1.01  

Density (g/L) 1.08 1,303.70  

Total Enthalpy (kW-h) 8,529.79 243.37  

Specific Enthalpy (kcal/kg) 24.28 13.61  

Heat Capacity (kcal/kg-°C) 0.25 0.27  

Component Flowrates (kg/batch) 
Amm. Sulfate 0.00 0.00  

Ammonium Chlori 0.00 0.00  

Argon 2,726.08 0.00  

Ca Hydroxide 0.00 0.00  

Calcium Nitrate 0.00 0.00  

Carb. Dioxide 118.53 0.00  

NaH2PO4 0.00 0.00  

Nitric Acid 0.00 0.00  

Nitrogen 231,390.51 0.00  

Oxygen 62,077.49 0.00  

pHBA (aq) 0.00 0.00  

pHBA (solid) 0.00 15,307.69  

Sucrose 0.00 0.00  

Water 5,926.25 76.92  

TOTAL (kg/batch) 302,238.86 15,384.62  

TOTAL (L/batch) 281,076,098.40 11,800.71  
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4. OVERALL COMPONENT BALANCE (kg/batch) 

COMPONENT INITIAL INPUT OUTPUT FINAL IN-OUT
Amm. Sulfate 0.00 54.83 1.04 0.00 53.79
Ammonium Chlori 0.00 2,175.27 41.25 0.00 2,134.03
Argon 4.57 4,865.60 4,867.44 2.72 0.00
Biomass 0.00 0.00 4,901.40 0.00 - 4,901.40
Ca Hydroxide 0.00 4,358.34 2.32 0.00 4,356.02
Calcium Nitrate 0.00 0.00 9,501.88 0.00 - 9,501.88
Carb. Dioxide 0.20 211.55 23,834.67 4.67 - 23,627.60
NaH2PO4 0.00 589.07 11.17 0.00 577.91
Nitric Acid 0.00 7,589.63 291.91 0.00 7,297.72
Nitrogen 387.58 412,993.97 413,150.81 230.74 0.00
Oxygen 103.98 110,798.10 110,840.18 61.90 0.00
pHBA (aq) 0.00 0.00 376.11 0.00 - 376.11
pHBA (solid) 0.00 0.00 15,620.09 0.00 - 15,620.09
pHBA Salt 0.00 0.00 277.57 0.00 - 277.57
Phosphoric Acid 0.00 181.18 181.18 0.00 0.00
Sodium Hydroxid 0.00 245.44 245.44 0.00 0.00
Sucrose 0.00 42,849.30 845.87 0.00 42,003.44
Water 0.00 264,522.67 266,640.86 0.00 - 2,118.19
TOTAL 496.33 851,434.96 851,631.18 300.03 0.06
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5. EQUIPMENT CONTENTS 

SFR-3 
Procedure Operation Time (in h) Volume (in L) Vapor (in kg)
P-15 START 25.61 0.00 12.06(*)
P-15 TRANSFER-IN-SALTS (Transfer In) 26.61 2,456.36 12.06(*)

P-15 
TRANSFER-IN-INITIAL-SUGAR (Transfer 
In) 

27.61 6,907.87 12.06(*)

P-15 TRANSFER-IN-INOCULUM (Transfer In) 28.11 7,726.45 12.06(*)

P-15 
FERMENT-2 (Batch Stoich. 
Fermentation) 

40.11 8,086.04 2.53(*)

P-15 CHARGE-1 (Charge) 40.11 8,182.17 2.53(*)
P-15 TRANSFER-OUT-1 (Transfer Out) 41.11 0.00 2.53(*)
P-15 CIP-1 (In-Place-Cleaning) 43.19 0.00 2.53(*)
P-15 SIP-1 (In-Place-Steaming) 45.19 0.00 2.53(*)
  

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

SFR-2 
Procedure Operation Time (in h) Volume (in L) Vapor (in kg)
P-1 START 14.11 0.00 1.21(*)
P-1 TRANSFER-IN-SALTS (Transfer In) 14.61 245.61 1.21(*)

P-1 
TRANSFER-IN-INITIAL-SUGAR (Transfer 
In) 

15.11 738.31 1.21(*)

P-1 TRANSFER-IN-INOCULUM (Transfer In) 15.61 770.75 1.21(*)

P-1 
FERMENT-1 (Batch Stoich. 
Fermentation) 

27.61 808.96 0.25(*)

P-1 CHARGE-1 (Charge) 27.61 818.58 0.25(*)
P-1 TRANSFER-OUT-1 (Transfer Out) 28.11 0.00 0.25(*)
P-1 CIP-1 (In-Place-Cleaning) 30.19 0.00 0.25(*)
P-1 SIP-1 (In-Place-Steaming) 31.19 0.00 0.25(*)
  

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

SFR-1 
Procedure Operation Time (in h) Volume (in L) Vapor (in kg)
P-16 START 0.00 0.00 0.05(*)

P-16 
TRANSFER-IN-PHOSPHATE (Transfer 
In) 

0.25 3.29 0.05(*)

P-16 TRANSFER-IN-SULFATE (Transfer In) 0.50 6.64 0.05(*)
P-16 TRANSFER-IN-NH4Cl (Transfer In) 0.75 9.85 0.05(*)

P-16 
TRANSFER-IN-INITIAL-SUGAR (Transfer 
In) 

1.00 28.30 0.05(*)

P-16 FERMENT (Batch Stoich. Fermentation) 15.11 32.05 0.01(*)
P-16 CHARGE-1 (Charge) 15.11 32.44 0.01(*)
P-16 TRANSFER-OUT (Transfer Out) 15.61 0.00 0.01(*)
P-16 CIP-1 (In-Place-Cleaning) 17.69 0.00 0.01(*)
P-16 SIP-1 (In-Place-Steaming) 18.19 0.00 0.01(*)
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(*) Contains material in vapor phase other than Oxygen & Nitrogen 
  

BCFBD-101 
Procedure Operation Time (in h) Volume (in L) Vapor (in kg)
P-11 START 107.52 0.00 11.12(*)
P-11 FILTER-1 (Cloth Filtration) 119.02 4,340.36 11.12(*)
P-11 CAKE-WASH-1 (Cake Wash) 119.27 4,377.29 11.12(*)
P-11 TRANSFER-OUT-1 (Transfer Out) 119.52 0.00 11.12(*)
  

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

V-102 
Procedure Operation Time (in h) Volume (in L) Vapor (in kg)
P-19 START 94.35 0.00 206.37(*)
P-19 TRANSFER-IN-1 (Transfer In) 96.35 157,510.44 206.37(*)
P-19 TRANSFER-OUT-1 (Transfer Out) 118.35 0.00 206.37(*)
  

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

DE-101 
Procedure Operation Time (in h) Volume (in L) Vapor (in kg)
P-31 START 96.52 0.00 0.00 

P-31 FILTER-1 (Dead-End Filtration) 107.52 104.39 0.00 

P-31 TRANSFER-OUT-1 (Transfer Out) 108.52 0.00 0.00 

  

FR-1 
Procedure Operation Time (in h) Volume (in L) Vapor (in kg)
P-4 START 39.11 0.00 232.17(*)
P-4 TRANSFER-IN-SULFATE (Transfer In) 40.11 16,697.89 232.17(*)
P-4 TRANSFER-IN-NH4Cl (Transfer In) 40.11 32,696.05 232.17(*)

P-4 
TRANSFER-IN-PHOSPHATE (Transfer 
In) 

40.11 49,127.55 232.17(*)

P-4 
TRANSFER-IN-INITIAL-SUGAR (Transfer 
In) 

40.11 100,656.90 232.17(*)

P-4 TRANSFER-IN-INOCULUM (Transfer In) 41.11 108,839.00 232.17(*)
P-4 CHARGE-1 (Charge) 94.35 110,620.79 232.17(*)

P-4 
FERMENT-1 (Batch Stoich. 
Fermentation) 

94.35 157,510.42 46.40(*)

P-4 TRANSFER-OUT-1 (Transfer Out) 96.35 0.00 46.40(*)
P-4 CIP-1 (In-Place-Cleaning) 98.43 0.00 46.40(*)
P-4 SIP-1 (In-Place-Steaming) 100.43 0.00 46.40(*)
  

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