[bookmark: _GoBack]Erythromycin Production
1.	Introduction
Mountaineer Biocorp, Inc., was contacted by Capstone Chemical Company Life Science Division to investigate and produce a pharmaceutical product in August 2011.  Phase 1 involved investigation of about 100 different pharmaceuticals and they were ranked based on the information available on:  synthesis, reaction kinetics, and thermodynamic properties.  Phase 2 concentrated on defining the processes for eight drugs from Phase 1: metformin hydrochloride, metoprolol, diphenhydramine, gluconic acid, insulin, erythromycin, penicillin G, and acetylsalicylic acid.  After further research, metformin hydrochloride, metoprolol, and diphenhydramine were dropped from consideration.  Lactic acid was found to have sufficient information for more detailed research and was added to the list of candidates, resulting in six pharmaceuticals being presented at the end of Phase 2.  
	Erythromycin was the pharmaceutical of choice for the design of a manufacturing plant.  Erythromycin is a macrolide antiobiotic, which slows and sometimes kills gram-positive bacteria by reducing the production of important proteins needed by the bacteria to survive. Figure 1 shows the chemical structure of erythromycin.  
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Figure 1: Chemical Structure of Erythromycin [Wikipedia]
Research in Phase 3 focused on creating a coherent plant design based on the information found for reaction kinetics, product separation, and purification.   Scheduling and economics were also evaluated in this phase.   
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	None of the five optimized cases had a positive net present value (NPV) after ten years of operation.  Table 1 shows the specifications of Cases 1-5 and the NPV after ten years of operation.  Case 2 had the highest NPV due to being able to purchase smaller equipment compared to Cases 1 and 3.  Cases 4 and 5 required extra operators, due to the overlap of the operation of some equipment, which increased the cost even though the equipment was slightly less expensive.	
Table 1: Economic Summary for Cases 1-5
	Case
	Fermenters in Parallel
	Number of Batches per year
	NPV ($million)

	Case 1
	2
	194
	-8.93

	Case 2
	3
	288
	-8.36

	Case 3
	1
	103
	-12.17

	Case 4
	4
	385
	-11.94

	Case 5
	5
	482
	-11.44


	
	In order to try and obtain a positive NPV, the economic factors were manipulated by changing FCIL, COL, and CUT, CWT, and CRM factors.  Table 2 shows the resulting NPV and values of factors previously mentioned.  The factors were reduced to their lowest typical value [Turton et al., 2009] for estimating manufacturing cost.



Table 2: NPV Comparison Using Smallest Multiplication Factors for Estimating Manufacturing Cost
	NPV ($million) 
	FCIL Factor 
	COL Factor 
	Factor for CUT, CWT, and CRM 

	-8.36 
	0.180 
	2.76 
	1.23 

	-7.28 
	0.180 
	1.92 
	1.23 

	-6.30 
	0.180 
	1.92 
	1.00 

	-5.44
	0.149 
	1.92 
	1.00 


	
	If this process was being implemented at a plant that already had all of the equipment, then the fixed capital investment (FCI) would be zero and the resulting NPV would be $1.72 million after 10 years of operation.  This analysis assumes that the utility and labor costs would remain the same. The factors used for estimating the manufacturing cost for this NPV were the same as in the first row, NPV of -$8.36 million, in Table 2.  If this process was run with other fermentation processes, the use of the downstream processing equipment would increase, resulting in better utilization of the equipment.  By pairing the processing equipment with multiple fermentation processes, the cost could be shared to purchase and maintain the equipment, resulting in savings for the all of the processes sharing the equipment.    
	The major costs associated with plant design can be seen in Table 3.  This table shows the equipment bare module cost and the operating labor for each design case. Utility and raw material costs were constant throughout the cases with values of $149,000/y and $1.1 million/y, respectively.  For Cases 1-3, three operators/shift was the average needed, while Cases 4 and 5 had increased labor costs due to the overlap of equipment. The total number of operators required was 13 for Cases 1-3, 16 for Case 4, and 17 for Case 5.  All equipment costs were calculated using Capcost, unless otherwise specified.

Table 3: Equipment Bare Module and Operating Labor Costs
	Costs
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	Equipment  ($million)
	6.7
	6.3
	9.2
	6.3
	6.0

	Operating Labor ($thousand/y)
	650
	650
	650
	800
	850
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	Figure 2 shows the process flow diagram for the batch erythromycin plant.  The batch starts with sterilization followed by pumping deionized water into the fermenter, R-701. The water is heated to 30°C by heater, E-702. Then glucose and sodium nitrate, the main nutrients for erythromycin production, are dissolved in the water by the agitator in R-701.
	The solution is then inoculated aseptically using spores of Streptomyces erythreus from a seed tank, and the cells are allowed to grow using the nutrients and air supplied. The inlet air is added to fermenter, R-701, using a compressor, C-701, at a rate of 0.4 volume air/minute/volume broth [Bunch]. The air is filtered and sterilized by a small air filter, F-701, to prevent other microorganisms from entering the fermentation process. As the compression of the air causes the temperature to rise, the air is cooled using cooling water in E-701.
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[image: ]		Figure 2: PFD for the Preliminary Process Design for Erythromycin
	After the 72 h fermentation period, the contents are pumped by P-701 into V-701, where the pH is adjusted from 7.5 to 10.7 by adding NaOH. The solid cell components of this mixture are then filtered from the broth in a rotary vacuum drum filter, F-702. The erythromycin is then extracted from the broth using butyl acetate in T-701 and is subsequently re-extracted from the butyl acetate to water (pH of 5) in T-702. The butyl acetate is recovered and recycled from T-702 to T-701; the waste broth from T-701 is recycled back to V-701 where the pH of the water is lowered from 10.7 to 7.0. Note that V-701 is first used to adjust the pH of the fermentation broth from 7.5 to 10.7, as stated above.  Then it is cleaned and reused to lower the pH of the T-701 waste broth from 10.7 to 7.5.  After the pH of the waste broth is adjusted, it is sterilized and deionized and recycled back to R-701.
	The erythromycin-rich water is then sent to V-702, where it is mixed, using a static mixer, with a sodium hydroxide solution to adjust the pH of the mixture to 9.5, thereby decreasing the solubility of erythromycin in the solution.  The solution is allowed to stand, and erythromycin crystals are formed and fall to the bottom of V-702.  The crystals are separated using a filter, F-703, and excess water is removed and treated using a UV sterilizer and recycled back to the deionizer.
	The rough erythromycin crystals enter the crystallizer, CR-701, where they are mixed with acetone. Water is added to the crystallizer at a specific rate before the addition of hydroxypropyl methyl cellulose (HPMC) seed crystals. Upon the addition of the seed crystal, water is continually added to CR-701 until acetone solvate crystals form. The solvate crystals from CR-701 are filtered in F-704, washed with water, and returned to CR-701. In the crystallizer, the solvate crystals are mixed with water and transformation into erythromycin dihydrate occurs. The dihydrate crystals are filtered again in F-704 and then dried in D-701, a vacuum tray dryer. 
	Figure 3 shows the processing steps in a Gantt chart for the recommended case.  The first shift has the most work to process the erythromycin and, therefore, requires the most operators, (4/shift).  Demand for operators decreases after the first processing shift, as can be seen by the decrease in equipment being used.  The second shift and third shifts require 3 and 2 operators, respectively.
 (
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Case 1
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Case 3
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Case 4
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Case 5
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