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Method for operating a production plant of modular design

The work which led to this invention was sponsored by grant agreement no. 228867 as part of the

European Union's seventh framework programme RP7/2007-2013.

The invention relates to a method for operating a production plant for the production of a chemical
and/or pharmaceutical product, having process modules which are connected to one another for

production purposes and are autonomous for regulating purposes.

The present invention also relates to a production plant for producing a chemical and/or

pharmaceutical product.

In order to produce a particular chemical and/or pharmaceutical product, it is necessary to provide a
production plant having an individual plant structure in order to be able to carry out the process
steps respectively required in terms of process engineering in individual process sections. If there is
no longer a desire to produce this particular product, the production plant is usually dismantled
again in order to be able to construct another production plant having an individual plant structure,
which can be used to produce another chemical and/or pharmaceutical product, at the same
location. This construction and dismantling of production plants is very time-consuming and cost-
intensive. There is therefore a constant need to reduce the amount of effort associated with the

production of different chemical and/or pharmaceutical products.

To avoid this problem, a production plant may be constructed in a modular manner from individual
process modules which can be connected to one another for process purposes and are autonomous
for regulating purposes. However, such production plants require novel regulating concepts, since
regulating concepts that are used in conventional production plants are not readily transferable to
production plants that are constructed in a modular manner from process modules which are

autonomous for regulating purposes.

The object of the invention is to provide a regulating concept for a production plant for producing a
chemical and/or pharmaceutical product having process modules which are connected to one

another for production purposes and are autonomous for regulating purposes.

This object is achieved by a method with the features according to Patent Claim 1 and a production
plant with the features according to Patent Claim 4. Preferred refinements of the invention are
stated in the subclaims which may each constitute an aspect of the invention per se or in any

desired combination with one another.

In Patent Claim 1, a method for operating a production plant for the production of a chemical

and/or pharmaceutical product having process modules which are connected to one another for
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production purposes and are autonomous for regulating purposes is proposed, wherein for each
process module the amount of material that is respectively present in this process module and is to
be processed by this process module is continuously or discretely detected and compared with a

prescribed limit value for the amount, wherein

- a mass inflow into the respective process module is increased or decreased if the amount of
material that is respectively present in this process module and is to be processed by this process
module is less than or greater than the limit value for the amount, the mass inflow at the same time
being a mass outflow of a further process module connected directly upstream of this process

module for production purposes, or

- a mass outflow from the respective process module is increased or decreased if the amount
of material that is respectively present in this process module and is to be processed by this process
module is greater than or less than the limit value for the amount, the mass outflow at the same
time being a mass inflow of a further process module connected directly downstream of this
process module for production purposes. Within the scope of the invention, the terms "limit value

for the amount" and "setpoint value for the amount" may be used synonymously.

If a mass inflow into the respective process module is increased when the amount of material that is
respectively present in this process module and is to be processed by this process module is less
than the Jimit value for the amount, the mass inflow at the same time being a mass outflow of a
further process module connected directly upstream of this process module for production
purposes, the production plant or the process modules thereof operate(s) on the basis of a regulating
concept known from production engineering, known as the pulling principle. If, on the other hand,
a mass outflow from the respective process module is increased when the amount of material that is
respectively present in this process module and is to be processed by this process module is greater
than the limit value for the amount, the mass outflow at the same time being a mass inflow of a
further process module connected directly downstream of this process module for production
purposes, the production plant or the process modules thereof operate(s) on the basis of a regulating
concept that is likewise known from production engineering, known as the pushing principle.
Consequently, in the case of the pulling principle, the impulse for activity originates from a process
module respectively connected downstream of a process module, whereas, in the case of the
pushing principle, the impulse for activity originates from a process module respectively connected
upstream of a process module. It is essential to the invention that all of the process modules of a
production plant operate uniformly on the basis of the pulling principle or the pushing principle. If
not all of the process modules of a production plant were to operate uniformly on the basis of the

pulling principle or the pushing principle, these process modules would work against one another.
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It is also not advisable to regulate an outflow of an upstream process module independently of an

inflow of a process module connected downstream of the upstream process module.

The process modules which can be connected to one another for production purposes and are
autonomous for regulating purposes may be designed as units which can be transported as a whole,
can be transported to a desired production site at which a correspondingly equipped production
plant of a modular construction is intended to be erected, and can be transported away from this site
after the desired production has been concluded. This makes it possible to easily reuse individual
process modules at different production sites in a manner that reduces production costs. For this
purpose, a process module may have a housing which allows easy transport of the process module
and in which at least one process assembly for carrying out the desired process section is arranged

and the dimensioning thereof can be standardized.

At a production site, the process modules can be connected, preferably via standardized couplings,
to a permanently installed communication network and to a supply network which can be used to
supply the process modules with material and/or energy and/or into which materials can be
delivered, with the result that at least one chemical batch reaction and/or continuous production can
be carried out in a substantially autonomous manner using the process modules. The supply
network can be used to transport, in particular, solid, liquid and/or gaseous materials or mixtures of
materials which may be present in single-phase or multi-phase form, for example as a suspension
or emulsion. For example, the supply network may have a compressed air line for supplying
compressed air, a feed water line for supplying water, an electrical line for supplying electrical
energy, a materials line for supplying starting materials and/or auxiliary materials and/or for
discharging products, by-products and/or waste materials, a cooling line for supplying cold or for
dissipating heat and/or a heating line for supplying heat or for removing cold. Various wired or
wireless communication networks come into consideration as the communication network.
Standardized information interchange between the process modules connected to the

communication network can be carried out via the communication network.

Additionally or alternatively, a material and/or energy store which can be connected to the supply
network and/or a storage container for liquid, solid and/or gaseous materials may be provided
inside the housing of a process module, with the result that chemical reactions can take place
autonomously and independently of an external supply. The process modules may have, for
example, functionalities for heating, cooling, mixing, separating, controlling the pressure,
ventilating and/or venting which make it possible to carry out a chemical reaction and control

reaction conditions.

According to an advantageous refinement, for detecting the amount of material that is respectively

present in at least one of the process modules and is to be processed by this process module, a
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filling level in this process module is detected. This represents an easy possible way of detecting
the amount of material that is respectively present in a process module and is to be processed by the
process module by means of suitable filling level sensors. It is also possible to perform in each
process module a detection of the amount of material that is present in the process module and is to

be processed by this process module by means of detecting the filling level in the process module.

According to a further advantageous refinement, for detecting the amount of material that is
respectively present in at least one of the process modules and is to be processed by this process
module, a pressure in this process module is detected. This may be provided as an alternative to the
last-mentioned refinement, or in addition to it to obtain redundant information. This refinement
also represents an easy possible way of detecting the amount of material that is respectively present
in a process module and is to be processed by the process module by means of suitable pressure
sensors. It is also possible to perform in each process module a detection of the amount of material
that is present in the process module and is to be processed by this process module by means of

detecting the pressure in the process module.

Patent Claim 4 proposes a production plant for producing a chemical and/or pharmaceutical
product, having at least two process modules which can be connected to one another for production
purposes and arc autonomous for regulating purposes, wherein each process module has an
electronic device of its own, in particular a control and/or regulating device, which is set up to
detect continuously or discretely an amount of material that is respectively present in the respective
process module and is to be processed by this process module and compare it with a prescribed

limit value for the amount, wherein each electronic device is also set up

- to actuate an inflow of the respective process module to increase or decrease a mass inflow
into this process module if the amount of material that is respectively present in this process
module and is to be processed by this process module is less than or greater than the limit value for
the amount, the inflow at the same time being an outflow of a further process module connected

directly upstream of this process module for production purposes, or

- to actuate an outflow of the respective process module to increase or decrease a mass
outflow from this process module if the amount of material that is respectively present in this
process module and is to be processed by this process module is greater than or less than the limit
value for the amount, the outflow at the same time being an inflow of a further process module

connected directly downstream of this process module for production purposes.

The advantages and embodiments mentioned above with respect to the method are correspondingly

associated with this production plant.
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Individual process modules may be changed over between from the pulling principle to the pushing
principle, or vice versa. It is alternatively possible that individual process modules integrated in a
corresponding production plant change over automatically and of their own accord. This may
additionally necessitate a redesign of the way in which a process module is otherwise regulated,

such as for example the way in which internal buffer networks of a process module are regulated.

Each electronic device of a process module may be able to be connected for communication
purposes to the aforementioned communication network. The electronic device preferably detects
when the respective process module is connected to the communication network, after which the
electronic device automatically feeds an identification signal into the communication network,

from which signal the generic type of the process module is clear, for example.

Each electronic device may be set up to control and/or regulate the respective process module to
independently carry out a particular process section of production. In this case, independently
means that the process section is carried out using the process module without the process section
or a part of the latter having to be controlied and/or regulated for this purpose by a device remote

from the process module. The process module can accordingly thus operate autonomously.

The electronic devices may also be set up in such a manner that process modules connected to the
communication network for communication purposes can automatically communicate with one
another, for example in such a manner that at least one process module automatically requests
information from at least one further process module. This automatic communication between the
process modules is possible, in particular, if process modules which are connected to the
communication network use their respective electronic device to output an identification signal to
the communication network, which signal is received by process modules which are already
connected to the communication network. As a result, the receiving process modules can be
informed of the address of the process module newly connected to the communication network. In
the case of the process modules which are already connected to the communication network or
their electronic devices for example, this may be a trigger for these process modules to also emit a
corresponding identification signal to the communication network, which signal is in turn received
by the process module newly connected to the communication network. The production plant may

in this respect have a plug and play functionality.

The information which can be requested from the further process modules may comprise
information in the form of given and/or expected process parameters with regard to the process
section carried out or to be carried out by the process module providing this information. These
process parameters can then be used to control and/or regulate a requesting process module. This is
advantageous, in particular, for a subsequent process module which is intended to further process

an intermediate product produced by a preceding process module in a temporally preceding process
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section. For this further processing by the subsequent process module, it is considerably important
to know what properties the intermediate product produced by the preceding process module has in
order to be able to determine which boundary conditions for producing the desired end product

from the intermediate product exist and must be complied with by the subsequent process module.

According to an advantageous refinement, at least one process module has at least one filling level
sensor detecting the filling level of the material in this process module and connected for
communication purposes to the electronic device of this process module, the electronic device
being set up to determine from the filling level of material respectively detected by means of the
filling level sensor the amount of material that is respectively present in the process module and is
to be processed by the process module. The advantages and embodiments mentioned with respect

to the corresponding refinement of the method are correspondingly associated with this.

According to a further advantageous refinement, at least one process module has at least one
pressure sensor detecting the pressure in this process module and connected for communication
purposes to the electronic device of this process module, the electronic device being set up to
determine from the pressure respectively detected by means of the pressure sensor the amount of
material that is respectively present in the process module and is to be processed by the process
module. The advantages and embodiments mentioned with respect to the corresponding refinement

of the method are also correspondingly associated with this.

A further advantageous refinement provides that on each line forming an outflow for an upstream
process module and at the same time an inflow for a process module connected downstream of this
process module there is arranged at least one electrically activatable valve conmected for
communication purposes to the electronic device of the upstream process module or of the
downstream process module. This allows a material outflow or a material inflow out of or into a

process module to be regulated in an easy way.

The invention is explained below by way of example with reference to the accompanying figures
with the aid of preferred exemplary embodiments and the features specified below may constitute

an aspect of the invention either on their own or in combination with one another. In the figures

Figure 1 shows a schematic illustration of an exemplary embodiment of a production plant

according to the invention and

Figure 2 shows a schematic illustration of a further exemplary embodiment of a production plant

according to the invention.

In Figure 1 is an exemplary embodiment of a production plant 1 according to the invention for

producing a chemical and/or pharmaceutical product. The material flow is indicated by the arrow 7.
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The production plant 1 comprises n process modules 2 which are connected to one another for
production purposes and are autonomous for regulating purposes. Each process module 2 has an
electronic device 3, in particular a control and/or regulating device, which is set up to detect
continuously or discretely an amount of material that is respectively present in the respective
process module 2 and is to be processed by this process module 2 and compare it with a prescribed
limit value for the amount. Each electronic device 3 is also set up to actuate an inflow of the
respective process module 2 to increase a mass inflow into this process module 2 if the amount of
material that is respectively present in this process module 2 and is to be processed by this process
module 2 is less than the limit value for the amount, the inflow at the same time being an outflow
of a further process module 2 connected directly upstream of this process module 2 for production
purposes. The production plant 1 or the process modules 3 thereof consequently operate on the
pulling principle. To be able to increase the respective inflow correspondingly, on each line 4
forming an outflow for an upstream process module 2 and at the same time an inflow for a process
module 2 connected downstream of this process module 2 there is arranged an electrically
activatable valve 5 connected for communication purposes to the electronic device 3 of the

downstream process module 2.

Each process module 2 also comprises a filling level sensor 6 detecting the filling level of the
material in this process module 2 and connected for communication purposes to the electronic
device 3 of this process module 2, the electronic device 3 being set up to determine from the filling
level of material respectively detected by means of the filling level sensor 6 the amount of material
that is respectively present in the process module 2 and is to be processed by the process module 2.
Alternatively or in addition, each process module 2 may have a pressure sensor (not represented)
detecting the pressure in this process module 2 and connected for communication purposes to the
electronic device 3 of this process module 2, the electronic device 3 being set up to determine from
the pressure respectively detected by means of the pressure sensor the amount of material that is
respectively present in the process module 2 and is to be processed by the process module 2. For

this purpose, each ¢lectronic device 3 may have a microprocessor and a suitable storage medium.

Figure 2 shows a schematic illustration of a further exemplary embodiment of a production plant 1
according to the invention. This production plant 1 differs from the exemplary embodiment shown
in Figure 1 in particular in that each electronic device 3 is set up to actuate an outflow of the
respective process module 2 to increase the mass outflow from this process module 2 when the
amount of material that is respectively present in this process module 2 and is to be processed by
this process module 2 is greater than the limit value for the amount, the outflow at the same time
being an inflow of a further process module 2 connected directly downstream of this process
module 2 for production purposes. On each line 4 forming an outflow for an upstream process

module 2 and at the same time an inflow for a process module 2 connected downstream of this
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process module 2 there is arranged an electrically activatable valve 5 connected for communication

purposes to the electronic device 3 of the upstream process module 2.
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Claims

1. Method for operating a production plant (1)} for producing a chemical and/or
pharmaceutical product, having process modules (2) which are connected to one another for
production purposes and are autonomous for regulating purposes, wherein for each process module
(2) the amount of material that is respectively present in this process module (2) and is to be
processed by this process module (2) is continuously or discretely detected and compared with a

prescribed limit value for the amount, wherein

- a mass inflow into the respective process module (2) is increased or decreased if the
amount of material that is respectively present in this process module (2) and is to be processed by
this process module (2) is less than or greater than the limit value for the amount, the mass inflow
at the same time being a mass outflow of a further process module (2) connected directly upstream

of this process module (2) for production purposes, or

- a mass outflow from the respective process module (2) is increased or decreased if the
amount of material that is respectively present in this process module (2) and is to be processed by
this process module (2) is greater than or less than the limit value for the amount, the mass outflow
at the same time being a mass inflow of a further process module (2) comnected directly

downstream of this process module (2) for production purposes.

2. Method according to Claim 1, characterized in that, for detecting the amount of material
that is respectively present in at least one of the process modules (2) and is to be processed by this

process module (2), a filling level in this process module (2) is detected.

3. Method according to Claim 1 or 2, characterized in that, for detecting the amount of
materia) that is respectively present in at least one of the process modules (2) and is to be processed

by this process module (2), a pressure in this process module (2) is detected.

4. Production plant (1) for producing a chemical and/or pharmaceutical product, having at
least two process modules (2) which can be connected to one another for production purposes and
are autonomous for regulating purposes, wherein each process moduie (2) has an electronic device
(3), in particular a control and/or regulating device, which is set up to detect continuously or
discretely an amount of material that is respectively present in the respective process module (2)
and is to be processed by this process module (2) and compare it with a prescribed limit value for

the amount, wherein each electronic device (3) is also set up

- to actuate an inflow of the respective process module (2) to increase or decrease a mass
inflow into this process module (2) if the amount of material that is respectively present in this

process module (2) and is to be processed by this process module (2) is less than or greater than the
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limit value for the amount, the inflow at the same time being an outflow of a further process

module (2) connected directly upstream of this process module (2) for production purposes, or

- to actuate an outflow of the respective process module (2) to increase or decrease a mass
outflow from this process module (2) if the amount of material that is respectively present in this
process module (2) and is to be processed by this process module (2) is greater than or less than the
limit value for the amount, the outflow at the same time being an inflow of a further process

module (2) connected directly downstream of this process module for production purposes.

5. Production plant (1) according to Claim 4, characterized in that at least one process module
(2) has at least one filling level sensor (6) detecting the fiiling level of the material in this process
module (2) and connected for communication purposes to the electronic device (3) of this process
module (2), the electronic device (3} being set up to determine from the filling level of material
respectively detected by means of the filling level sensor (6) the amount of material that is

respectively present in the process module (2) and is to be processed by the process module (2).

6. Production plant (1) according to Claim 4 or 5, characterized in that at least one process
module (2) has at least one pressure sensor detecting the pressure in this process module (2} and
connected for communication purposes to the electronic device (3) of this process module (2), the
electronic device (3) being set up to determine from the pressure respectively detected by means of
the pressure sensor the amount of material that is respectively present in the process module (2) and

is to be processed by the process module (2).

7. Production plant (1) according to one of Claims 4 to 6, characterized in that on each line
(4) forming an outflow for an upstream process module (2) and at the same time an inflow for a
process module (2) connected downstream of this process module (2) there is arranged at least one
electrically activatable valve (6) connected for communication purposes to the electronic device (3)

of the upstream process module (2) or of the downstream process module (2).



