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Abstract
Tissue Plasminogen Activator (tPA) is a recombinant protein used Received: 11 February 2024
to treat blood clotting disorders such as heart strokes, acute MEBHRIERE 2T caqpill 2022
. . Page Number: 97-108

myocardial, and pulmonary blockage. The process design of drug

production after laboratory culture consists of two sections:
reactor and separation. This research aims to investigate
the reactor (fermentor) section. The reactor section has three
series reactors of different sizes in which tPA cultivation and
industrial production are carried out. In this research, first,
a base-case simulation of the reactor section was performed by
Aspen Batch Plus software, and then a retrofit was presented to
remove the bottleneck of the third reactor. 14 days and 15 hours
are needed in aiming to achieve the production of 80 Kg tPA/year
assuming 50 batch production per year for two completely similar

parallel units. The time of each batch process is reduced to about Keywords:

13 days, 4 hours and 2 minutes in the retrofit design of the process Simulation,

to solve this problem. Reducing the time of the production process Process Design,
helps to increase the annual production up to 82.16 Kg tPA/year. Retrofitting,

An increase in fixed costs, etc. is inevitable in the modified case Tissue Plasminogen
because of adding a Heat Exchanger, Hold-up Tank, and Pump. Activator
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Figure 1. Flowsheet of Reactor Section for the tPA Production Process [5].
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Table 1. Raw materials and produced waste during the process
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Figure 2. Total Operation Time of Process Equipment (a) Base-case (b) Retrofit Design pH=7.3.
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2. Gantt Chart
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Figure 3. Gantt Chart of Unit Operations (a) Base-case Design (b) Retrofit Design.
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Table 3. Direct and indirect product costs for bas case and modified designs.

Base case Modified case

Direct product costs (USD/ kg of tPA)

Equipment Rental 135,884.14 Equipment Rental 13,933.88
Labor 326,121.93 Labor 33,441.31
Utilities 9,694.63 Utilities 1,962.84
Raw Materials 33,166.32 Raw Materials 2.357,35
Total 504,867.03 Total 51,695.38
Indirect product costs (USD/ kg of tPA)
Administrative 75,730.05 Administrative 7,754.31
Supervision 75,730.05 Supervision 7,754.31
Lab Charges 75,730.05 Lab Charges 7,754.31
Distribution & Marketing  50,486.70  Distribution & Marketing  5,169.54
Research & Development  20,194.68 Research & Development  2,067.82
Royalties 15,146.01 Royalties 1,550.86
Total 313,017.56 Total 32,051.14
Total (Direct + Indirect) product costs (USD/ kg of tPA)
817,884.59 83,746.52
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Table 2. Capital cost of base case [13].

Unit ID Description Purchase Cost Quantity Total Cost Percent Cost
(USD) ((SE]»)] (%)
Base case design

Reactor 1 40 L Fermenter 85,000 2 170,000 14.7
P4 Pump 1,595 2 3,190 0.3
Reactor 2 400 L Fermenter 125,000 2 250,000 21.7
P5 Pump 1,595 2 3,190 0.3
Reactor 3 5,000 L Fermenter 252,000 2 504,000 43.7
P6 Pump 1,595 2 3,190 0.3

T-1 Media Mixing tank 28,658 2 57,316 5
P1 Pump 1,595 2 3,190 0.3
P2 Pump 1,595 2 3,190 0.3
HX-1 Heater 6,456 2 12,912 1.1
P3 Pump 1,595 2 3,190 0.3
Hold up Tank 1 19,000 2 38,000 3.3
HX-2 Cooler 6,456 2 12,912 1.1
Hold up Tank 2 Tank after Reactor 3 19,000 1 38,000 3.3
P7 Pump 3,250 2 6,500 0.6
CT1 Tubing and Insulation 2,000 2 4,000 0.3

RFU Refrigeration Unit 20,000 2 40,000 3

1,152,780 100.00
Modified design

HX-3 Heater 6,456 2 12,912 1.1
Hold up Tank 3 Tank Before HX-3 19,000 2 38,000 3.1
P8 Pump 1,595 2 3,190 0.3

1,206,882 -
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