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Introduction

The global competition in the biophar-
maceutical industry and the increased 
demand for affordable and effective 
medicines has shifted the industry’s 

focus on manufacturing efficiency. Therefore, 
process development and design are gaining 
importance. For new products, it is crucial to 
minimize market entry time without compro-
mising product and process quality. This is 
particularly true for biopharmaceuticals for 
which it is commonly said that “the process 
makes the product” and process changes are 

very difficult to implement after the regulatory 
approval of a new product.
 Process development scientists have a 
short time window to optimize the process of a 
promising new molecule. Similarly, engineering 
teams face challenges within the design and 
construction of new production lines and facili-
ties required for manufacturing newly developed 
products. The challenges of both groups can be 
lessened by the use of appropriate computer 
aids, such as process simulators and production 
scheduling tools.1,2,3,4

Figure 1. Monoclonal 
antibody production 
flowsheet.
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 The objective of our Large Scale Biotech (LSB) project was 
to support the design of a new production facility at an exist-
ing manufacturing site of Merck Serono (Vevey, Switzerland). 
The plant will initially be dedicated to the parallel production 
of two different molecules, a Monoclonal Antibody (MAb) and 
a fusion protein. Additional MAb and related molecules from 
the Merck Serono pipeline are expected to be manufactured 
in the same facility in the future. The limited space available 
for the construction of the new facility made the design very 
challenging and the project highly complex. A computerized 
process model was developed at an early stage of the basic 
design phase of the project to support all design activities 
and facilitate scenario analysis and evaluation. This article 
describes the strategy followed for the development of the 
model, the challenges faced, and the benefits derived from 
this effort.

Monoclonal Antibody Production
Monoclonal Antibodies (MAbs) are large protein molecules 
used to treat a wide variety of illnesses, such as rheumatoid 
arthritis, psoriasis, Crohn’s disease, transplant rejection, and 
a variety of cancers. They constitute the fastest growing seg-
ment in the biopharmaceutical industry. More than 20 MAbs 
and fusion proteins are approved for sale in the United States 
and Europe5,6 and approximately 200 MAbs are in clinical 
trials for a wide variety of indications.5,7 The market is grow-
ing by more than 15% per year and is expected to exceed $30 
billion in 2010.8,9,10,11

 Figure 1 displays the flow diagram of a typical MAb process. 
The left-hand-side of the diagram displays the seed train (for 
inoculum preparation) and the production bioreactor(s). Such 
processes include several cell expansion steps as well as two 
to three seed bioreactor steps to expand the volume of the 
inoculum. Cell growth and product formation in the produc-
tion bioreactor takes usually 11 days. Considering the time 
for cleaning and turnaround activities, the overall cycle time 
of the production bioreactors that operate in fed-batch mode is 
around 14 days. That includes some idle time to synchronize 
the cycle time and to accommodate batch to batch changes 
in fermentation time in a way that a fixed amount of batches 
are produced every week. After a production bioreactor run 
is completed, primary recovery is initiated, which typically 
includes centrifugation for cell removal followed by filtration. 
The purification part of the process that follows usually in-
cludes three chromatography steps, dia-filtration/concentra-
tion steps, and virus removal/inactivation steps. The overall 
product recovery yield is around 70 to 80%.
 Such processes utilize a large number of buffer and clean-
ing solutions (usually 20 to 30) that must be prepared on time 
and be ready for delivery when required by the main process. 
The preparation and storage of such buffers involve a large 
number of tanks. Most of the tanks are used for the preparation 
and storage of multiple solutions and require cleaning after 
each use. Estimating the number and size of such tanks is a 
challenging task during the design of such facilities. Figure 
1 does not display buffer preparation and holding activities. 
However, such activities were taken into account in the models 

developed for the needs of this project.
 Our design project involved the modeling and optimization 
of a facility equipped with two production lines, each capable 
of producing a different MAb. Each line includes four produc-
tion bioreactors feeding a single purification train. The two 
production lines have their own independent main equipment, 
but share tanks for media and buffer preparation. They also 
share all utilities, such as steam, Water for Injection (WFI), 
Highly Purified Water (HPW), waste collection, and treatment 
systems, etc.

Process Simulation Tools –
Evaluation and Selection

Computer-aided process design and simulation tools have 
been used in the chemical and petrochemical industries since 
the early 1960s. Simulators for those industries have been 
designed to model continuous processes and their transient 
behavior. However, most biopharmaceutical products are pro-
duced in batch and semi-continuous mode. Such processes are 
best modeled with batch process simulators that account for 
time-dependency and sequencing of events. In the mid 1990s, 
Aspen Technology, Inc. introduced Batch Plus (now called As-
pen Batch Process Developer) a recipe-driven simulator that 
targeted batch pharmaceutical processes. Around the same 
time, Intelligen, Inc. (Scotch Plains, New Jersey) introduced 
SuperPro Designer. The initial focus of SuperPro was on 
bioprocessing. Over the years, its scope has been expanded 
to include modeling of small-molecule Active Pharmaceutical 
Ingredients (APIs) and secondary pharmaceutical manufac-
turing processes. In 2005, Intelligen introduced SchedulePro, 
a production planning and scheduling tool. SchedulePro also 
functions as a modeling tool that facilitates design, debottle-
necking, and capacity analysis of multi-product facilities that 
operate in batch and semi-continuous mode.
 Discrete-event simulators also have found applications 
in the pharmaceutical industry, especially in the modeling 
of secondary pharmaceutical manufacturing processes. Es-
tablished tools of this type include ProModel from ProModel 
Corporation (Orem, Utah), Arena and Witness from Rockwell 
Automation, Inc. (Milwaukee, Wisconsin), and Extend from 
Imagine That, Inc. (San Jose, California). The focus of models 
developed with such tools is usually on the minute-by-minute 
time-dependency of events and on animation of the process. 
Discrete event simulators are often used to evaluate the im-
pact of variation on step duration and random events, such 
as equipment failures and process delays. Material balances, 
equipment sizing, and cost analysis tasks are usually out 
of the scope of such models. Some of these tools are quite 
customizable and third party companies occasionally use 
them as platforms to create industry-specific modules. For 
instance, BioPharm Services, Ltd. (Bucks, UK) have created 
an Extend-based module with emphasis on biopharmaceutical 
processes. 
 Microsoft Excel is another common platform for creating 
models for pharmaceutical processes that focus on material 
balances, equipment sizing, and cost analysis. Some compa-
nies have even developed models in Excel that capture the 
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time-dependency of batch processes. This is typically done by 
writing extensive code (in the form of macros and subroutines) 
in Visual Basic for Applications (VBA) that comes with Excel. 
K-TOPS from Biokinetics, Inc. (Philadelphia, Pennsylvania) 
belongs to this category.
 Engineers at Merck KGaA (the parent company of Merck 
Serono) have had experience with chemical/pharmaceutical 
process simulators like Batch Plus and planning tools like 
Orion-Pi from Axxom Software AG (Munich, Germany) and 
SimPlan from SimPlan AG (Munich, Germany). Batch Plus 
was initially considered for the project, but it was not finally 
adopted because of its limited bioprocess modeling and ad-
vanced scheduling capabilities. Instead, SuperPro Designer 
and SchedulePro were selected because the combination 
of the two tools satisfied both the modeling as well as the 
scheduling objectives of the project. SuperPro Designer can 
effectively model the bioprocess recipes, which can then be 
exported to SchedulePro to generate representative production 
schedules for the combined operation of the two production 
lines, thus enabling visualization of the utilization of shared 
resources, such as buffer preparation tanks and utilities. 
Another reason for the selection of these tools was the fact 
that SuperPro and SchedulePro had already been adopted 
by the research and engineering departments at the Vevey 
site of Merck Serono where the new facility was going to be 
constructed. The adoption of common tools by multiple depart-
ments created a common platform of communication among 
the various teams and provided assurance that the start-up 
and handover phases would be smooth.

Building a Model in a
Batch Process Simulator

The first step in building a simulation model is always the 
collection of information about the process. In this case, draft 
versions of process descriptions and block flow diagrams, which 
contained information about material inputs and operating 
parameters, were available. Missing data forced the team to 
make assumptions after consulting with the operations depart-
ment. Rough estimates were used at the start of the project 
for unknown process parameters and operating times. As the 
project progressed, the assumptions were updated several 
times and were thoroughly documented in order to comprehend 
and track the development of the various models.
 The steps of building a batch process model are generally 
the same for all batch process simulation tools. The best prac-
tice is to build the model step-by-step, gradually checking the 
functionality of its parts. The registration of materials (pure 
components and mixtures) is usually the first step. Next, the 
flow diagram (Figure 1) is developed by putting together the 
required unit procedures and joining them with material flow 
streams. Operations are added to unit procedures (see next 
paragraph for explanation) and their operating conditions 
and performance parameters are specified. 
 In SuperPro Designer, the representation of a batch process 
model is loosely based on the ISA S-88 standards for batch 
recipe representation.12 A batch process model is in essence a 
batch recipe that describes how to a make a certain quantity of 

a specific product. A single basic processing step is called a “unit 
procedure” as opposed to a “unit operation,” which is a term 
used for continuous processes. The individual tasks contained 
in a procedure (e.g., Transfer in, Ferment, Transfer Out, CIP, 
etc.) are called “operations.” A unit procedure is represented 
on the flowsheet with a single icon that represents the main 
equipment used. Figure 2 displays the dialog through which 
operations are added to a vessel unit procedure. On the left-
hand side of that dialog, the program displays the operations 
that are available in the context of a vessel procedure; on the 
right-hand side, it displays the registered operations for the 
edited procedure. The two-level representation of processing 
tasks (operations in the context of unit procedures) enables 
users to describe and model batch processes in detail.
 For every operation within a unit procedure, the simulator 
solves a mathematical model representing the material and 
energy balance equations. Equipment-sizing calculations are 
performed based on the results obtained by the material bal-
ances. If multiple operations within a unit procedure dictate 
different sizes for a certain piece of equipment, the software 
reconciles the different demands and selects an equipment 
size that is appropriate for all operations. The equipment is 
sized so that it is large enough (e.g., vessels are not overfilled 
during any operation), but not larger than necessary (in order 
to minimize capital costs). Equipment sizes also can be speci-
fied by the user, in which case, the simulator checks to make 
sure that the provided size is adequate. For certain types of 
equipment, minimum size requirements also are taken into 
account in order to satisfy constraints, such as minimum 
stirring volume in vessels.
 The outputs of batch process simulators include the fol-
lowing:

•	 visual	representation	of	the	entire	process
•	 material	and	energy	balances	
•	 sizing	of	equipment	and	utilities
•	 estimation	of	capital	and	operating	costs
•	 process	scheduling	and	cycle	time	analysis

Figure 2. Specifying the operations of a unit procedure.
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•	 throughput	analysis
•	 environmental	impact	assessment

With respect to process scheduling and cycle time analysis, 
the results are typically visualized with Gantt charts that 
display equipment occupancy as a function of time - Figure 
3. Equipment items grouped by type are listed on the y-axis 
and time is on the x-axis. The horizontal bars in the chart 
represent occupancy of the corresponding equipment by a 
procedure during a time interval. Different colors are used to 
represent different batches. Multiple bars of the same color 
on the same line represent reuse of a piece of equipment 
within a batch, while bars of different colors correspond to 
activities (unit procedures) of different batches. Scheduling 
conflicts arising from overlapping activities that share the 
same equipment are displayed with multiple lines (one for 
each conflicting activity) and exclamation marks on the y-axis. 
This type of chart enables engineers to resolve scheduling 
conflicts and optimize the cycle time of the process.

Modeling the Multi-Product Facility
After the SuperPro Designer models had been developed, the 
individual process models (recipes) were exported to Sched-

ulePro for the generation of the multi-product model. Within 
SchedulePro, scheduling information imported from SuperPro 
Designer related to processing tasks can be expanded in the 
following ways:

•	 For	 every	 procedure,	 an	 equipment	 pool	 (instead	 of	 a	
single equipment) can be declared representing the list 
of alternative equipment that could potentially host that 
procedure.

•	 Auxiliary	equipment	(e.g.,	rinse	in	place	skids	and	transfer	
panels) can be assigned, possibly through pools to opera-
tions.

•	 Flexible	delays	 (i.e.,	 the	ability	 to	delay	 the	start	of	an	
operation if the resources it requires are not available) 
can be declared, thus relaxing the rigidity in executing a 
recipe.

•	 The	general	availability	of	resources	in	time	can	be	declared	
through a calendar.

All these extra features proved very useful especially in 
modeling the media and buffer preparation tasks. The multi-
product model offered us the ability to represent and visualize 
the demand of shared resources, such as media and buffer 
preparation tanks, utility generation systems, and bio-waste 
treatment systems. The structure and boundaries of the multi-
product model are shown in Figure 4. 
 As soon as the multi-product model was constructed, it 
was used to answer a wide variety of questions concerning 
utility and raw material consumption, potential scheduling 
conflicts, and plant capacity issues.

Challenges Related to
Model Development and Validation 

The processes that were analyzed in this project have been 
developed using a platform technology approach that aims 
to standardize the number and the sequence of the produc-
tion steps as well as the media and buffer solutions used. 
All process parameters that affect product quality (e.g., bed 
height of chromatography purification steps) were fixed by 
the end of process development. Such process parameters 
were not altered during the scope of this project. Instead, 
the focus was on engineering parameters that affect capital 
cost and capacity (e.g., number and size of vessels for buf-
fer preparation and storage, requirement for transfer lines, 
cleaning skids, etc.). 
 Keeping the models up to date proved to be quite chal-
lenging because the design of the facility underwent many 
changes. The collection of information concerning changes in 
the processes and the general plant design is a tedious and 
time-consuming task, due to the fact that many people are 
involved. It would be advisable, for future practitioners, to 
develop an appropriate information workflow and change-
management process that includes the simulation team, 
thus enabling the members of the simulation team to have 
constant access to the latest process and plant information. 
 The validation of the model was based on information 
that was available to the team (e.g., process description, op-

Figure 3. Equipment occupancy chart.

Figure 4. Structure and boundaries of the multi-product model.
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erational experience based on past runs, analytical results, 
etc.). The validation of the process parameters was based on 
batch records from previous runs carried out by the process 
development department. Values from existing processes were 
used as a first approximation for operations that are similar 
in other bioprocesses, such as buffer/media preparation and 
CIP/SIP activities.
 The modeling of the buffer preparation area was one of 
the most challenging tasks of the simulation. That was due to 
the fact that many constraints had to be taken into account 
- Figure 5. In terms of main equipment, this area included 
several buffer preparation vessels. The list of auxiliary equip-
ment included three closed powder transfer systems and two 
Rinse-in-Place (RIP) skids. The model included interfaces to 
the utilities that are used in buffer preparation and an in-
terface to the tank farm. The preparation of the 40 different 
buffers required by the two processes was represented with 
40 different recipes. The large number of buffers required, 
even though platform technology is adopted, is due to the 
different physical properties of the two products (the first 
product is a monoclonal antibody and the second is a fusion 
protein). Modeling of buffer preparation and hold activities 
was particularly challenging because it involved numerous 
connectivity constraints. For example, if a certain ingredient 
from the tank farm was required for the preparation of a 
certain buffer, but not all preparation vessels were equipped 
with a supply line from the tank farm for this certain ingredi-
ent, then some of the preparation vessels could not be used 
for preparing that specific buffer. These constraints were 
modeled by specifying appropriate equipment pools for the 
various buffer preparation procedures. 
 The handling of shift constraints also was quite challenging. 
Since certain areas of the production facility were planned to 
operate in a two-shift-mode, appropriate outages (downtime) 
had to be specified for the involved equipment, and flexible 
delays had to be added to some of the operations. Using flexible 
delays, the tool was able to automatically shift the start of an 
operation (or interrupt an operation) in order to accommodate 
facility downtime and/or unavailability of required resources. 
The tool also is able to handle material supply, utility, and 
personnel constraints. However, such constraints add to the 
complexity of the model and increase the computation time 
significantly. If a problem is over constrained, the tool may 
even fail to generate a meaningful solution. 

Discussion of Results
The models were mainly used to size shared resources (e.g., 
utilities and media/buffer preparation tanks) and evaluate 
various capacity scenarios. The impact of different shift 
patterns on equipment demand for buffer preparation also 
was evaluated. Using such tools it is easy to quantify the 
trade-off between labor cost and capital investment when 
management wants to decide whether buffers should only 
be prepared during the day shifts or around the clock. The 
former option involves lower labor cost, but higher capital 
investment. However, it also constitutes a solution of higher 
inherent capacity. More specifically, if product titers increase 

in the future and there is a need for reduced purification 
cycle times, the plant may switch to a three-shift operation 
for buffer preparation in order to accommodate the increased 
demands of the purification trains. 
 Sizing of WFI systems is simplified considerably using 
these tools. A WFI system consists of a still that generates 
the distilled water, a surge tank, and a circulation loop for 
delivering the material around the plant. Plant capacity may 
be limited by any of the following:

•	 The	plant	cannot,	on	average,	consume	more	water	than	
the still can generate.

•	 The	peak	demand	cannot	exceed	the	capacity	of	the	circu-
lation system.

•	 The	surge	vessel	must	be	large	enough	to	maintain	capac-
ity during peak demand.

•	 Periodic	circulation	loop	sanitization	cycles	may	interrupt	
all WFI draws. 

Process simulation can provide reasonable estimates for the 
sizes of the still, the surge tank, and the pumping capacity of 
the circulation loop. Figure 6 displays the demand of WFI for 

Figure 5. Buffer preparation constraints.

Figure 6. Instantaneous (red lines), 12-h averaged (blue lines), and 
12-h cumulative (green lines) WFI demand as a function of time.
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such a plant. The chart shows the instantaneous (red lines) 
and the 12-h average (blue lines) demands. The chart also 
shows the 12-h cumulative demand (green lines) that cor-
responds to the y-axis on the right. The peak instantaneous 

demand indicates the minimum pumping capacity for the 
system (23,000 kg/h). The peak 12-h average rate provides 
an estimate for the still capacity (10,600 kg/h) and the cor-
responding 12-h cumulative peak is an estimate of the surge 
tank capacity of 128,000 L. The trade-off between still rate 
and surge capacity can be examined by changing the aver-
aging time. Selecting a longer period predicts a larger surge 
tank and a lower still rate. Figure 7 displays the inventory 
profile of WFI in the surge tank (green lines) for a tank size 
of 130,000 L and a still rate of 11,000 L/h. The still is turned 
on when the level in the tank falls below 35% and it remains 
on until the tank is full. The operation rate and frequency of 
the still is depicted by the blue step-function lines. 
 Sizing of bio-waste treatment systems can be handled in 
a similar way. Such systems typically involve two tanks that 
alternate in operation periodically (while one is receiving, 
the other is treating a batch of waste material). The peak 
cumulative amount for the alternating period indicates the 
minimum capacity of each tank. 
 The tools also were used to analyze the impact of buffer 

Figure 7. WFI inventory (green lines) and operating frequency of 
still (blue lines).

Figure 8. File diagram representing the evolution of the scenarios: Buffer Hold (BH), Buffer Preparation (BP), Rinsing in Place (RIP), and 
Sterilization in Place (SIP).
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expiration times, shift patterns, equipment sizes, and number 
of equipment items. Approximately, 35 different scenarios 
were evaluated during the project and most of the scenarios 
included major model updates. As the project evolved, the 
team’s understanding of the processes, the facility, the underly-
ing links, and constraints improved, and the knowledge gain 
was used to improve the models. Figure 8 shows the evolution 
of the models up to scenario No. 15. 
 As mentioned before, the initial stages of the project focused 
on the development of the SuperPro models of the two pro-
cesses (one for each product). The SuperPro models were then 
combined in SchedulePro to generate the first multi-product 
model. Next, a rough model representing media preparation 
was added to the multi-product model. Two different options 
for buffer preparation and holding were evaluated. Option 
number one involved refilling of the buffer hold tanks after 
every batch of the corresponding main process. That led to 
a set of scenarios where the maximum number of buffer 
preparation batches was performed (red scenarios in Figure 
8). Option number two involved the preparation of larger buf-
fer batches that could supply multiple batches of the main 
process. That led to a set of scenarios where the minimum 
number of buffer preparation batches was performed (blue 
scenarios in Figure 8). The final design evolved out of the 
blue set of scenarios.
 The simulation of the process support areas was quite 
challenging and required an iterative approach. The buffer 
preparation area was initially represented with a simplified 
model. Next, minimum cycle times for each process were 
specified and the tool was used to generate feasible solutions. 
Experienced manufacturing engineers were then asked to 
evaluate the results and confirm that the generated solu-
tions would work out in practice. For questionable solutions, 
improvements were proposed involving rearrangement of 
existing equipment or installation of additional equipment. 
Then, the changes were incorporated into the model and 
feasibility was checked once again. That worked very well for 
the buffer preparation area and valuable results were gained 

from the model. The final model also contained constraints for 
the delivery lines, the Rinse-in-Place (RIP) skids, the powder 
transfer systems, the connectivity to the tank farm, and the 
personnel resources, including shift patterns.
 Using the model, a number of potential bottlenecks mainly 
associated with cleaning equipment and delivery lines were 
identified and resolved. Capacity analysis enabled the team 
to identify a number of opportunities for equipment savings. 
That approach worked especially well for areas with multiple 
parallel equipment items, such as media and buffer prepa-
ration. When analysis revealed that spare capacity existed, 
resources were gradually removed from the equipment pool 
and feasibility rechecked. That eventually resulted in infea-
sible situations.  Addition of an extra resource item led to the 
optimal solution.

Return on Investment
Table A summarizes the subjects that were analyzed and 
the benefits that were derived from the use of simulation 
tools. The core of the analysis was done during a period of 12 
months. Besides the financial aspects, there were additional 
benefits that are hard to quantify, but are equally valuable. The 
common language of communication that process simulation 
brings to the different stakeholders was probably the most 
important qualitative benefit. The members of the various 
teams involved with plant design and operations were able 
to communicate effectively despite the fact that they were 
looking at the plant from different points of view: engineer-
ing vs. operations vs. maintenance. It was recognized that 
the graphical presentations generated by such tools helped 
stakeholders to visualize the problems and come up with 
solutions more efficiently.

Model Lifecycle Management and 
Hand-Over to the Operations Team

The simulation work was intended to support the engineering 
team during the detailed design phase. However, the simu-
lation model continues to live and evolve in the operations 

No. Subject Initial Approach Benefits

1 Vessels for the buffer The initial number had been estimated using basic  The detailed model enabled the team to eliminate one 2,500 l and 
 preparation area engineering assumptions and conservative design. two 8,000 l tanks, resulting in savings of more than $1.2 million 
   (€0.85 million).

2	 Sharing	of	the	bulk	filtration	 The	initial	design	assumed	a	bulk	filtration	unit	for		 Simulation	showed	that	sharing	of	the	unit	by	the	two	production
 unit each production line.  lines is feasible, leading to savings of $1.4 million (€1 million).

3 Sizing of hpW and WFi The initial design was based on overall averaged  The detailed simulation model enabled the team to size these
	 supply	systems	 demand	without	taking	into	account	the	demand	as	a		 systems	more	accurately.
  function of time.

4	 Sizing	of	waste	treatment	 The	initial	design	was	based	on	simplified	spreadsheet	 The	detailed	simulation	model	enabled	the	team	to	size	these
	 systems	 models.		 systems	more	accurately	and	reduce	capital	expenditures.

5 Tank farm sizing in the plant, basic chemicals are stored in the tank The detailed simulation model enabled the team to size the tanks and
	 	 farm.	The	number	of	tanks	and	their	sizes	had	been	 the	delivery	lines	more	accurately	and	confirm	the	reliable	supply	of
  estimated using crude spreadsheet models.  these chemicals to the production lines.

6 rip routing in buffer The initial piping design for this area was so crowded  The process simulation model showed that this is achievable even
 preparation and holding that the simulation team had been asked to evaluate with additional rinsing of the tri-blender (a closed introduction
	 areas	 the	impact	of	an	alternative	piping	design	which	uses		 system	for	buffer	preparation).
  fewer pipes and couples the usage of two rip stations.

Table A. Subjects analyzed and benefits derived.
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department. The detailed model, which constitutes a virtual 
plant, was handed over to the operations team to help in 
preparing the personnel for the start-up of the plant and its 
“routine” production schedule.
 The model developed in SchedulePro by importing the Su-
perPro Designer recipes of the two processes will be transferred 
into the new production facility and serve as a basis for the 
scheduling of the future production activities. However, many 
details included in the model are not necessary for on-going 
scheduling purposes and lead to long calculation times (several 
minutes) every time a new production schedule is generated. 
Currently, a new “simpler” model is under development in 
SchedulePro to support the scheduling of the future production 
activities. Less detail will be specified in each unit procedure; 
for example, the typical operations of a chromatography cycle 
(e.g., load, wash, elution, regeneration, etc.) will be lumped 
into a “cycle” activity and consequently a chromatography 
procedure will be represented as a sequence of the following 
events: equilibration, cycle-1, cycle-2, … cycle-n, and sanitiza-
tion. Similar simplifications will be implemented in the proce-
dures that represent buffer preparation and holding activities. 
The simplified model is intended to be used by the operations 
department to:

•	 plan	the	activities	during	the	start-up	of	the	new	produc-
tion facility

•	 analyze	the	bottlenecks	at	full	production	capacity
•	 analyze	and	schedule	changeovers	(change	from	one	process	

to another on a production line)
•	 consider	the	impact	of	equipment	maintenance	on	produc-

tion schedule
•	 analyze	the	influence	of	a	failure	or	delay	of	one	step	on	

the following steps of a batch and on the scheduling of 
subsequent batches

•	 understand	interdependencies	between	shared	areas	and	
production lines

Conclusions
When applied early, simulation tools can support plant design 
and technology transfer and can facilitate the communication 
between the engineering and operations teams. In this project, 
process simulation was started early during basic engineer-
ing and valuable results were obtained from the process 
modeling effort. The insight that modeling provided for the 
design of the support areas, such as buffer preparation and 
holding, utilities, and equipment cleaning requirements, was 
of particular importance. In general, process simulation tools, 
such as SuperPro Designer, are useful for understanding and 
improving a process whereas process scheduling tools, such 
as SchedulePro, are beneficial for estimating equipment and 
utility requirements for multi-product facilities. Scheduling 
tools also facilitate production planning and scheduling of 
operating facilities on an on-going basis. Future practitioners 
are advised to apply process simulation tools as early as pos-
sible in a project. That way, more synergies can be achieved. 
The use of process simulation in this biopharmaceutical 
project was a success. It provided additional insights on how 

a design could work in reality. The final models have been 
handed over to the operations team to be maintained and for 
future use. The scheduling models can be used for production 
and maintenance planning as well as scheduling in the future. 
They might also prove valuable for bringing new products into 
the facility. The SuperPro process models might serve as basis 
of decision making for future process changes.
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