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1. OVERALL PROCESS DATA

Annual Operating Time 7,912.43 h
Unit Production Ref. Rate 10,000,019.69 kg MP/yr
Batch Size 15,337.45 kg MP
Recipe Batch Time 100.43 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)

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 363,607,899 557,680.83 36.36
Amm. Sulfate 37,214 57.08 0.00
Ammonium Chlori 1,476,315 2,264.29 0.15
H3PO4 (2%) 5,934,551 9,102.07 0.59
NaH2PO4 399,793 613.18 0.04
NaOH (0.5 M) 8,178,995 12,544.47 0.82
Sucrose 29,080,957 44,602.70 2.91
Water 129,828,973 199,124.19 12.98
TOTAL 538,544,697 825,988.80 53.85
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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 155,179,932 238,006.03 15.52
Amm. Sulfate 37,214 57.08 0.00
Ammonium Chlori 1,476,315 2,264.29 0.15
H3PO4 (2%) 5,934,551 9,102.07 0.59
NaH2PO4 399,793 613.18 0.04
NaOH (0.5 M) 8,178,995 12,544.47 0.82
Sucrose 29,080,957 44,602.70 2.91
Water 106,745,652 163,720.33 10.67
TOTAL 307,033,410 470,910.14 30.70
 

Downstream Section
Material kg/yr kg/batch kg/kg MP
Air 208,427,966 319,674.79 20.84
Water 23,083,321 35,403.87 2.31
TOTAL 231,511,287 355,078.66 23.15
 

2.4 BULK MATERIALS (per Material)

Air
Procedure % Total kg/yr kg/batch kg/kg MP
Fermentation Section (Main Branch)
P-51 42.68 155,179,932 238,006.03 15.52
Downstream Section (Main Branch)
P-3 57.32 208,427,966 319,674.79 20.84
TOTAL 100.00 363,607,899 557,680.83 36.36
 

Amm. Sulfate
Procedure % Total kg/yr kg/batch kg/kg MP
Fermentation Section (Main Branch)
P-36 100.00 37,214 57.08 0.00
TOTAL 100.00 37,214 57.08 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 1,476,315 2,264.29 0.15
TOTAL 100.00 1,476,315 2,264.29 0.15
 

H3PO4 (2%)
Procedure % Total kg/yr kg/batch kg/kg MP
Fermentation Section (Main Branch)
P-4 45.81 2,718,480 4,169.45 0.27
P-1 8.51 505,198 774.84 0.05
P-15 42.78 2,538,613 3,893.58 0.25
P-16 2.90 172,260 264.20 0.02
TOTAL 100.00 5,934,551 9,102.07 0.59
 

NaH2PO4
Procedure % Total kg/yr kg/batch kg/kg MP
Fermentation Section (Main Branch)
P-34 100.00 399,793 613.18 0.04
TOTAL 100.00 399,793 613.18 0.04
 

NaOH (0.5 M)
Procedure % Total kg/yr kg/batch kg/kg MP
Fermentation Section (Main Branch)
P-4 78.23 6,398,223 9,813.23 0.64
P-1 6.23 509,586 781.57 0.05
P-15 13.42 1,097,428 1,683.17 0.11
P-16 2.12 173,757 266.50 0.02
TOTAL 100.00 8,178,995 12,544.47 0.82
 

Sucrose
Procedure % Total kg/yr kg/batch kg/kg MP
Fermentation Section (Main Branch)
P-9 100.00 29,080,957 44,602.70 2.91
TOTAL 100.00 29,080,957 44,602.70 2.91
 

Water
Procedure % Total kg/yr kg/batch kg/kg MP
Fermentation Section (Main Branch)
P-4 4.63 6,010,815 9,219.04 0.60
P-34 8.83 11,467,834 17,588.70 1.15
P-36 9.11 11,830,457 18,144.87 1.18
P-38 8.00 10,391,312 15,937.59 1.04
P-9 22.40 29,080,957 44,602.70 2.91
P-18 0.01 11,663 17.89 0.00
P-21 2.16 2,807,618 4,306.16 0.28
P-23 0.24 312,744 479.67 0.03
P-25 23.82 30,928,709 47,436.67 3.09
P-1 0.86 1,117,040 1,713.25 0.11



- Page 5 -

P-15 1.85 2,405,619 3,689.60 0.24
P-16 0.29 380,884 584.18 0.04
Downstream Section (Main Branch)
P-11 17.78 23,083,321 35,403.87 2.31
TOTAL 100.00 129,828,973 199,124.19 12.98
 

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

Raw Material
Fermentation

Section
Downstream

Section
Air 15.52 20.84
Amm. Sulfate 0.00 0.00
Ammonium Chlori 0.15 0.00
H3PO4 (2%) 0.59 0.00
NaH2PO4 0.04 0.00
NaOH (0.5 M) 0.82 0.00
Sucrose 2.91 0.00
Water 10.67 2.31
TOTAL 30.70 23.15

2.6 BULK MATERIALS: SECTION TOTALS (kg/batch)

Raw Material
Fermentation

Section
Downstream

Section
Air 238,006.03 319,674.79
Amm. Sulfate 57.08 0.00
Ammonium Chlori 2,264.29 0.00
H3PO4 (2%) 9,102.07 0.00
NaH2PO4 613.18 0.00
NaOH (0.5 M) 12,544.47 0.00
Sucrose 44,602.70 0.00
Water 163,720.33 35,403.87
TOTAL 470,910.14 355,078.66
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2.7 BULK MATERIALS: SECTION TOTALS (kg/yr)

Raw Material
Fermentation

Section
Downstream

Section
Air 155,179,932 208,427,966
Amm. Sulfate 37,214 0
Ammonium Chlori 1,476,315 0
H3PO4 (2%) 5,934,551 0
NaH2PO4 399,793 0
NaOH (0.5 M) 8,178,995 0
Sucrose 29,080,957 0
Water 106,745,652 23,083,321
TOTAL 307,033,410 231,511,287



- Page 7 -

3. STREAM DETAILS

Stream Name Air for Drying S-104 Water for NH4Cl NH4Cl
Source INPUT P-3 INPUT INPUT
Destination P-3 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) 2,251.45 3,387.64 186.62 19.78
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 2,264.29
Argon 2,941.01 2,941.01 0.00 0.00
Carb. Dioxide 127.87 127.87 0.00 0.00
Nitrogen 249,634.05 249,634.05 0.00 0.00
Oxygen 66,971.87 66,971.87 0.00 0.00
Water 0.00 0.00 15,937.59 0.00
TOTAL (kg/batch) 319,674.79 319,674.79 15,937.59 2,264.29
TOTAL (L/batch) 271,094,863.67 236,016,045.60 15,934.86 1,490.64
 

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) 206.39 684.80 0.13 3.24
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 2,264.29 2,264.29 0.43 10.73
Water 15,937.59 15,937.59 3.03 75.51
TOTAL (kg/batch) 18,201.88 18,201.88 3.46 86.24
TOTAL (L/batch) 17,428.43 17,572.02 3.34 83.26
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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) 32.45 648.97 212.46 0.45
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 57.08
Ammonium Chlori 107.29 2,145.84 0.00 0.00
Water 755.19 15,103.87 18,144.87 0.00
TOTAL (kg/batch) 862.48 17,249.70 18,144.87 57.08
TOTAL (L/batch) 832.63 16,652.79 18,141.76 32.27
 

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) 212.91 741.02 0.14 3.51
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 57.08 57.08 0.01 0.27
Water 18,144.87 18,144.87 3.45 85.97
TOTAL (kg/batch) 18,201.95 18,201.95 3.46 86.24
TOTAL (L/batch) 18,174.09 18,340.83 3.48 86.90
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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) 35.11 702.26 205.95 2.14
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 2.70 54.09 0.00 0.00
NaH2PO4 0.00 0.00 0.00 613.18
Water 859.78 17,195.68 17,588.70 0.00
TOTAL (kg/batch) 862.48 17,249.77 17,588.70 613.18
TOTAL (L/batch) 869.06 17,381.38 17,585.68 300.58
 

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) 208.09 721.28 0.14 3.42
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 613.18 613.18 0.12 2.91
Water 17,588.70 17,588.70 3.34 83.34
TOTAL (kg/batch) 18,201.88 18,201.88 3.46 86.24
TOTAL (L/batch) 17,886.59 18,047.95 3.43 85.51
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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) 34.18 683.55 101.74 10.17
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 2.70 0.27
Ammonium Chlori 0.00 0.00 107.29 10.73
NaH2PO4 29.05 581.10 29.05 2.91
Water 833.42 16,668.60 2,448.39 244.82
TOTAL (kg/batch) 862.48 17,249.70 2,587.44 258.72
TOTAL (L/batch) 855.18 17,103.83 2,556.88 255.67
 

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) 1,384.30 1,935.21 125.66 175.67
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 47,436.67 47,436.67 4,306.16 4,306.16
TOTAL (kg/batch) 47,436.67 47,436.67 4,306.16 4,306.16
TOTAL (L/batch) 47,689.22 47,864.61 4,329.09 4,345.01
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Stream Name S-120 S-122
Water for 50%

SucroseProcess 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) 14.00 19.57 1,301.60 388.10
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 44,602.70
Water 479.67 479.67 44,602.70 0.00
TOTAL (kg/batch) 479.67 479.67 44,602.70 44,602.70
TOTAL (L/batch) 482.22 484.00 44,840.15 29,541.40
 

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) 1,689.70 2,362.94 192.86 2,170.08
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 44,602.70 44,602.70 3,640.38 40,962.31
Water 44,602.70 44,602.70 3,640.38 40,962.31
TOTAL (kg/batch) 89,205.39 89,205.39 7,280.77 81,924.63
TOTAL (L/batch) 74,381.56 74,640.54 6,092.01 68,548.53
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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 1.93 18.48 2,149.51
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 3.07 36.50 348.75 40,573.99
Water 3.07 36.50 348.75 40,573.99
TOTAL (kg/batch) 6.14 72.99 697.51 81,147.98
TOTAL (L/batch) 5.14 61.08 583.62 67,898.69
 

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 0.91 9.14 182.77
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 0.69 17.25 172.50 3,449.95
Water 0.69 17.25 172.50 3,449.95
TOTAL (kg/batch) 1.38 34.50 344.99 6,899.89
TOTAL (L/batch) 1.16 28.86 288.66 5,773.33
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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) 2,117.98 184.81 20.48 0.52
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 3,449.95 172.50 17.25 0.00
Water 50,886.62 4,478.66 496.92 17.89
TOTAL (kg/batch) 54,336.56 4,651.15 514.17 17.89
TOTAL (L/batch) 53,637.94 4,633.67 512.86 17.98
 

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) 0.73 0.77 1,342.14 2,678.94
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 2,189.66 2,189.66
Carb. Dioxide 0.00 0.00 95.20 95.20
Nitrogen 0.00 0.00 185,858.91 185,858.91
Oxygen 0.00 0.00 49,862.26 49,862.26
Sucrose 0.00 0.69 0.00 0.00
Water 17.89 18.58 0.00 0.00
TOTAL (kg/batch) 17.89 19.27 238,006.03 238,006.03
TOTAL (L/batch) 18.05 19.21 198,452,210.98 35,721,181.23
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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) 2,678.94 0.18 4.13 41.34
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 2,189.66 0.15 3.37 33.79
Carb. Dioxide 95.20 0.01 0.15 1.47
Nitrogen 185,858.91 12.37 286.36 2,868.38
Oxygen 49,862.26 3.32 76.83 769.53
TOTAL (kg/batch) 238,006.03 15.84 366.71 3,673.18
TOTAL (L/batch) 35,721,181.23 2,377.46 55,037.72 551,289.34
 

Stream Name S-143 Vent SFR-1
Inoculum to

SFR-2 Vent FR-1

Source P-41 P-16 P-16 P-4
Destination P-4 OUTPUT P-1 P-49
Stream Properties
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 40.00 35.00 35.00 34.99
Pressure (bar) 6.01 1.01 1.01 1.01
Density (g/L) 6.66 1.20 993.91 1.18
Total Enthalpy (kW-h) 2,633.29 0.34 1.35 4,019.26
Specific Enthalpy (kcal/kg) 9.68 15.98 35.10 13.38
Heat Capacity (kcal/kg-°C) 0.24 0.24 1.00 0.24
Component Flowrates (kg/batch)
Amm. Sulfate 0.00 0.00 0.00 0.00
Argon 2,152.34 0.15 0.00 2,156.10
Biomass 0.00 0.00 1.69 0.00
Carb. Dioxide 93.58 2.63 0.00 24,105.37
NaH2PO4 0.00 0.00 0.00 0.00
Nitrogen 182,691.79 12.40 0.00 183,011.00
Oxygen 49,012.59 3.33 0.00 49,098.23
Sucrose 0.00 0.00 0.00 0.00
Water 0.00 0.00 31.47 0.00
TOTAL (kg/batch) 233,950.30 18.51 33.16 258,370.70
TOTAL (L/batch) 35,112,476.72 15,428.19 33.37 219,197,743.10
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Stream Name Emissions Vent SFR-2
Inoculum to

SFR-3 Vent SFR-3

Source P-49 P-1 P-1 P-15
Destination OUTPUT OUTPUT P-15 OUTPUT
Stream Properties
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 34.99 35.00 35.00 35.00
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 1.18 1.18 992.80 1.18
Total Enthalpy (kW-h) 4,019.26 6.72 34.08 66.62
Specific Enthalpy (kcal/kg) 13.38 14.06 35.10 13.95
Heat Capacity (kcal/kg-°C) 0.24 0.24 1.00 0.24
Component Flowrates (kg/batch)
Ammonium Chlori 0.00 0.00 0.01 0.00
Argon 2,156.10 3.38 0.00 33.89
Biomass 0.00 0.00 25.86 0.00
Carb. Dioxide 24,105.37 43.56 0.00 426.95
NaH2PO4 0.00 0.00 0.00 0.00
Nitrogen 183,011.00 287.16 0.00 2,876.32
Oxygen 49,098.23 77.04 0.00 771.66
Sucrose 0.00 0.00 0.03 0.00
Water 0.00 0.00 809.70 0.00
TOTAL (kg/batch) 258,370.70 411.14 835.61 4,108.82
TOTAL (L/batch) 219,197,743.10 347,246.80 841.67 3,472,817.25
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Stream Name Inoculum to FR-1 Mother Liquor S-116 S-128
Source P-15 P-11 P-27 P-4
Destination P-4 P-4 P-4 OUTPUT
Stream Properties
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 35.00 9.00 35.31 12.55
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 992.80 1,003.89 1,012.42 1,004.89
Total Enthalpy (kW-h) 340.44 1,669.88 1,020.51 2,691.57
Specific Enthalpy (kcal/kg) 35.10 9.00 34.38 12.50
Heat Capacity (kcal/kg-°C) 1.00 1.00 0.97 0.99
Component Flowrates (kg/batch)
Amm. Sulfate 0.00 1.25 0.07 1.33
Ammonium Chlori 0.00 49.66 2.93 52.59
Biomass 260.43 0.00 5,079.73 5,079.73
NaH2PO4 0.00 13.45 0.79 14.24
pHBA (aq) 0.00 317.80 937.06 1,254.86
pHBA (solid) 0.00 311.44 0.00 311.44
Sucrose 0.04 1,018.56 60.07 1,078.63
Water 8,085.50 157,984.85 19,463.09 177,447.94
TOTAL (kg/batch) 8,345.97 159,697.02 25,543.74 185,240.77
TOTAL (L/batch) 8,406.49 159,078.14 25,230.43 184,339.80
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Stream Name S-113 S-105 Vent R-101 S-101
Source P-4 P-27 P-28 P-28
Destination P-27 P-28 OUTPUT P-11
Stream Properties
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 35.00 35.31 5.00 5.00
Pressure (bar) 1.01 1.01 1.01 1.01
Density (g/L) 1,020.10 1,021.32 1.26 1,033.71
Total Enthalpy (kW-h) 6,463.15 5,499.82 0.24 783.23
Specific Enthalpy (kcal/kg) 32.41 32.41 1.23 4.62
Heat Capacity (kcal/kg-°C) 0.92 0.91 0.24 0.92
Component Flowrates (kg/batch)
Amm. Sulfate 1.33 1.25 0.00 1.25
Ammonium Chlori 52.59 49.66 0.00 49.66
Argon 0.00 0.00 1.52 0.00
Biomass 5,079.73 0.00 0.00 0.00
Carb. Dioxide 0.00 0.00 0.07 0.00
NaH2PO4 14.24 13.45 0.00 13.45
Nitrogen 0.00 0.00 128.91 0.00
Oxygen 0.00 0.00 34.58 0.00
pHBA (aq) 16,827.07 15,890.01 0.00 317.80
pHBA (solid) 0.00 0.00 0.00 15,572.21
Sucrose 1,078.63 1,018.56 0.00 1,018.56
Water 148,514.26 129,051.17 0.00 129,051.17
TOTAL (kg/batch) 171,567.85 146,024.11 165.08 146,024.11
TOTAL (L/batch) 168,186.70 142,976.55 130,605.22 141,261.79



- Page 18 -

Stream Name Wash Water S-102 Humid Air Final Product
Source INPUT P-11 P-14 P-14
Destination P-11 P-14 OUTPUT OUTPUT
Stream Properties
Activity (U/ml) 0.00 0.00 0.00 0.00
Temperature (°C) 25.00 22.93 50.00 50.00
Pressure (bar) 1.01 2.29 1.01 1.01
Density (g/L) 994.70 1,211.06 1.08 1,303.70
Total Enthalpy (kW-h) 1,033.16 282.42 9,202.30 242.63
Specific Enthalpy (kcal/kg) 25.11 11.18 24.28 13.61
Heat Capacity (kcal/kg-°C) 1.00 0.49 0.25 0.27
Component Flowrates (kg/batch)
Amm. Sulfate 0.00 0.00 0.00 0.00
Ammonium Chlori 0.00 0.00 0.00 0.00
Argon 0.00 0.00 2,941.01 0.00
Carb. Dioxide 0.00 0.00 127.87 0.00
NaH2PO4 0.00 0.00 0.00 0.00
Nitrogen 0.00 0.00 249,634.05 0.00
Oxygen 0.00 0.00 66,971.87 0.00
pHBA (aq) 0.00 0.00 0.00 0.00
pHBA (solid) 0.00 15,260.77 0.00 15,260.77
Sucrose 0.00 0.00 0.00 0.00
Water 35,403.87 6,470.18 6,393.50 76.69
TOTAL (kg/batch) 35,403.87 21,730.95 326,068.29 15,337.45
TOTAL (L/batch) 35,592.35 17,943.68 303,236,993.62 11,764.53
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4. OVERALL COMPONENT BALANCE (kg/batch)

COMPONENT INITIAL INPUT OUTPUT FINAL IN-OUT
Amm. Sulfate 0.00 57.08 1.33 0.00 55.75
Ammonium Chlori 0.00 2,264.29 52.59 0.00 2,211.69
Argon 4.33 5,130.66 5,136.05 2.80 - 3.85
Biomass 0.00 0.00 5,079.73 0.00 - 5,079.73
Carb. Dioxide 0.19 223.07 24,706.45 0.62 - 24,483.81
NaH2PO4 0.00 613.18 14.24 0.00 598.94
Nitrogen 367.62 435,492.96 435,949.84 237.72 - 326.99
Oxygen 98.62 116,834.13 116,956.71 63.78 - 87.72
pHBA (aq) 0.00 0.00 1,254.86 0.00 - 1,254.86
pHBA (solid) 0.00 0.00 15,572.21 0.00 - 15,572.21
Phosphoric Acid 0.00 182.04 182.04 0.00 0.00
Sodium Hydroxid 0.00 245.87 245.87 0.00 0.00
Sucrose 0.00 44,602.70 1,078.63 0.00 43,524.07
Water 0.00 220,342.82 220,342.82 0.00 - 0.00
TOTAL 470.76 825,988.80 826,573.37 304.92 418.73

Overall Error: 0,051%
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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 12.39(*)
P-15 TRANSFER-IN-SALTS (Transfer In) 26.61 2,556.87 12.39(*)

P-15
TRANSFER-IN-INITIAL-SUGAR (Transfer
In) 27.61 7,190.54 12.39(*)

P-15 TRANSFER-IN-INOCULUM (Transfer In) 28.11 8,032.21 12.39(*)

P-15
FERMENT-2 (Batch Stoich.
Fermentation) 40.11 8,406.49 2.49(*)

P-15 TRANSFER-OUT-1 (Transfer Out) 41.11 0.00 2.49(*)
P-15 CIP-1 (In-Place-Cleaning) 43.19 0.00 2.49(*)
P-15 SIP-1 (In-Place-Steaming) 45.19 0.00 2.49(*)
 

(*) 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 1.24(*)
P-1 TRANSFER-IN-SALTS (Transfer In) 14.61 255.67 1.24(*)

P-1
TRANSFER-IN-INITIAL-SUGAR (Transfer
In) 15.11 768.52 1.24(*)

P-1 TRANSFER-IN-INOCULUM (Transfer In) 15.61 801.89 1.24(*)

P-1
FERMENT-1 (Batch Stoich.
Fermentation) 27.61 841.67 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 3.43 0.05(*)

P-16 TRANSFER-IN-SULFATE (Transfer In) 0.50 6.91 0.05(*)
P-16 TRANSFER-IN-NH4Cl (Transfer In) 0.75 10.25 0.05(*)

P-16
TRANSFER-IN-INITIAL-SUGAR (Transfer
In) 1.00 29.46 0.05(*)

P-16 FERMENT (Batch Stoich. Fermentation) 15.11 33.37 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
 

FR-1
Procedure Operation Time (in h) Volume (in L) Vapor (in kg)
P-4 START 39.11 0.00 231.96(*)
P-4 TRANSFER-IN-SULFATE (Transfer In) 40.11 17,381.20 231.96(*)
P-4 TRANSFER-IN-NH4Cl (Transfer In) 40.11 34,034.00 231.96(*)

P-4
TRANSFER-IN-PHOSPHATE (Transfer
In) 40.11 51,137.79 231.96(*)

P-4
TRANSFER-IN-INITIAL-SUGAR (Transfer
In) 40.11 104,775.72 231.96(*)

P-4 TRANSFER-IN-INOCULUM (Transfer In) 41.11 113,182.32 231.96(*)

P-4
FERMENT-1 (Batch Stoich.
Fermentation) 94.35 168,186.70 33.62(*)

P-4 TRANSFER-OUT-2 (Transfer Out) 76.11 0.00 225.51(*)
P-4 TRANSFER-IN-1 (Transfer In) 76.11 25,230.42 196.39(*)
P-4 TRANSFER-IN-2 (Transfer In) 76.11 184,339.80 15.30(*)
P-4 TRANSFER-OUT-1 (Transfer Out) 96.35 0.00 242.14(*)
P-4 CIP-1 (In-Place-Cleaning) 98.43 0.00 242.14(*)
P-4 SIP-1 (In-Place-Steaming) 100.43 0.00 242.14(*)
 

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

R-102
Procedure Operation Time (in h) Volume (in L) Vapor (in kg)
P-28 START 40.11 0.00 20.81(*)

AFTER AUTO-INIT 40.11 15,886.28 20.81(*)
P-28 REACT-1 (Batch Stoich. Reaction) 94.11 15,695.75 2.47(*)
P-28 END 94.11 0.00 2.47(*)
 

(*) 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 40.11 0.00 2.10(*)
P-11 FILTER-1 (Cloth Filtration) 93.61 988.68 2.10(*)
P-11 CAKE-WASH-1 (Cake Wash) 93.86 996.87 2.10(*)
P-11 TRANSFER-OUT-1 (Transfer Out) 94.11 0.00 2.10(*)
 

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


