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Abstract

Tissue plasminogen activator is a recombinant protein for treatment. Received: 13 March 2023
The main industrial production process of this tissue plasminogen Accepted: 11 July 2023
activator mainly includes laboratory growth, fermentation, and Page Number: 20-29

separation. This study examines the equipment used in separation
process, namely centrifuge, ultrafilter, microfilter, chromatography
column, ER column, bottler, freeze dryer and mixing tanks, and the unit
operations of this section. Retrofitting such as process debottlenecking
(time debottlenecking of freeze dryer) and parallelization of
the operations for each batch (1.6 kg product) was carried out and the
minimum production time was reduced from 12 to less than 7 days and 23
hours for each batch. A storage tank was also installed to prevent the unit
shutdown during the freeze-drying failure. The economic analysis shows
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the share of the direct costs including raw materials, utilities, etc. is Process Design,
61.73% per batch and the share of indirect costs including lab charges, Retrofitting,
marketing, research and development, etc. is 38.27%. Arginine includes Separation,

97% of the total $247,000 of raw materials costs. Costs of investment, Simulation,

purchase, equipment installation and essentials needed are estimated to Tissue  Plasminogen
be $39,000,000. This cost is mainly for bottling and freeze-dryer systems. Activator
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6. Fibroblasts
7. Scale-up

1. Recombinant Protein

2. Tissue Plasminogen Activator
3. Sequence

4. Melanoma
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3. Affinity Chromatography
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2. Argenine
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Figure 1. Process Flow Diagram of Separat
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Cycle Time Overview

Unit 1D

UF1 HOLDING Tank
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sl 8 &l 3423 3,5, JS le .Y Jsid

Figure 2. Total Operation Time of Process Equipment.
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Figure 3. Gantt Chart of Unit Operations.
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Table 1. Percent and Cost of Raw Materials Used in Separation Process.

U.) ginoww

Unit Cost Percent Cost

Stream Component

o (USD/kg) (%)
?{') 1.1. Charge-1 Total 0.00 0.00
tPA
tPA-CHO Cell
Water
Endotoxin
1.3. Mix-8 Total Arginine 213.00 73.27
1.10. Mix-20 Total Arginine 213.00 5.81
2.1. Charge-34 Total Arginine 213.00 19.61
2.1. Charge-35 Total Water 1.00 0.11
2.1. Charge-36 Total Glycine 77.00 0.36
2.2. Charge-38 Total PBS 9.06 0.02
2.2. Charge-39 Total Sodium-Chloride 32.00 0.36
2.2. Charge-40 Total Water 1.00 0.23
2.8. Charge-58 Total Sodium-Chloride 32.00 0.00
2.8. Charge-59 Total Sodium-Chloride 32.00 0.00
2.8. Charge-60 Total Sucrose 1.79 0.00
2.10. Charge-74 Total Sodium-Chloride 32.00 0.09
2.10. Charge-75 Total Water 1.00 0.07
2.12. Regenerate-Column-87 Total Water 1.00 0.02
2.16. Mix-91 Total Water 1.00 0.02
Total 100.00
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Table 2. Total Cost and Percent Cost.

Unit ID Capacity Size Total Cost Percent Cost
(liter) Utilized ((SEI»)] (%)
FD Tank Mixer 500.00 460.72 188,332.00 0.48
Pump ER Pump - - 1,711,240.00 4.39
UF2 Ultrafilter 400.00 16,252.00 0.04
ER Buffer Tank Tank 4,000.00 1,822.05 = =
Pump Affinity Pump - - 1,711,240.00 4.39
Pump MF Pump - - 45,457.80 0.12
UF2 HOLDING Tank Mixer 400.00 275.36 154,011.60 0.40
Centrifuge csc4 Centrifuge - Tubular-Bowl 500.00 - 6,074,902.00 15.60
Pump UF2 Pump - - 45,457.80 0.12
MF Microfilter 500.00 - 755.24 0.00
HeatExchanger-A Heat Exchanger - - 111,374.00 0.29
UF1 HOLDING Tank Mixer 4,000.00 3,665.25 290,910.80 0.75
Lyophilizer 100 Lyophilizer 500.00 460.72 10,994,000.00 28.23
AFFINITY Column Column - Chromatography 58.00 27.54 1,711,240.00 4.39
Centrifuge Holding Tank Mixer 5,000.00 3,940.32 325,135.60 0.83
Elution buffer tank Tank 8,000.00 5,247.84 - -
MF Tank Mixer 500.00 460.95 188,332.00 0.48
Pump UF1 Pump - - 45,457.80 0.12
Eqqg. Buffer Tank Tank 3,000.00 600.36 - -
Vials Filling Machine Filling System - - 14,818,000.00 38.04
Pump centrifuge Pump - - 55,610.52 0.14
UF1 Ultrafilter 4,000.00 - 13,431.80 0.03
ER Column Column - Chromatography 15.70 402.76 106,116.00 0.27
ER Holding Tank Mixer 400.00 407.05 171,124.00 0.44
Affinity Holding Tank Mixer 400.00 269.79 171,124.00 0.44
Total - - - 38,949,504.96 100.00
40/00
35/00
30/00
25/00
20/00
15/00
10/00
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- - - - - - 0/00
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Figure 7. Percent of Equipment costs from Total Capital Cost.
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