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The design of multi-purpose batch plants is a challenging task, because the number of degrees of freedom
for optimization is high. Important optimization variables are the scheduling, operating conditions and
the sizes of the equipment items. Since all factors interact, a simultaneous consideration would be bene-
ficial in order to reduce capital and operating costs. In this article, this complex task is tackled for a new
case study of a sequential plant for protein production. The case study contains comprehensive models
of the unit operations to evaluate equipment dimensions, mass balances and operating times. Variable
changeover times and semicontinuous unit operations are considered. For optimization, a MINLP model
is used that consists of smaller NLP and MILP submodels in order to simplify modeling. Simulation runs
for different product demands are performed and it is shown that good solutions can be found in an

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Multi-purpose batch plants are used in industry, when the
amount of product to be produced is small and the added value
of the product is high. In this case they offer advantages like higher
capacity utilization and more flexibility allowing the consideration
of fluctuations in product demand. One example is the production
of pharmaceutical ingredients (Sanden, 1998).

Compared to mono-product plants, the design of multi-purpose
plants is more challenging and complex because the number of
degrees of freedom for optimization is higher. Besides the fact that
several processes take place in one plant that have to be optimized
instead of one only, also a completely new degree of freedom arises:
the scheduling of the different products. Some important factors
that influence the operating and capital costs of a multi-purpose
plant are presented in Fig. 1. They can be grouped into three cate-
gories. The first one is the plant design in the form of the physical
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dimensions of the different equipment items, like for example the
volume of a fermenter or the area of a filter. Also the number of
parallel equipment items belongs to this group. The second cat-
egory is the process design. In contrast to the plant design, here
the design of the unit operations is meant. In this case the operat-
ing conditions are optimized. These are variables that can influence
the operating time of a unit operation, like for example the temper-
ature or the concentration at which a unit operation is performed.
The third group covers decisions concerning the scheduling, which
means the allocation of the equipment items with the different
tasks and the sequencing of the different products. Also the batch
size, which correlates with the batch number necessary to fulfill
the demand, belongs to this group. All the different factors interact
and often there are trade-offs between them, so it seems obvious
that they should be optimized simultaneously. In industrial appli-
cation the scheduling problem is regarded only after the design of
the plant and the process has been fixed. However, for designing
new production facilities, the consideration of the scheduling dur-
ing the design phase of the process simultaneous with the plant
design bears potential for a better capacity utilization of the plant
and thus for saving capital and operating costs.

The main reason for this optimization potential is the trade-off
between the operating time and the costs of a unit operation that
processes a batch. The operating time often can be influenced by
altering the plant or process design while mostly it is valid that
the shorter the operating time becomes, the higher the operating
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