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Legal information 
Use of application examples 

Application examples illustrate the solution of automation tasks through an interaction of several 
components in the form of text, graphics and/or software modules. The application examples are 
a free service by Siemens AG and/or a subsidiary of Siemens AG ("Siemens"). They are 
non-binding and make no claim to completeness or functionality regarding configuration and 
equipment. The application examples merely offer help with typical tasks; they do not constitute 
customer-specific solutions. You yourself are responsible for the proper and safe operation of the 
products in accordance with applicable regulations and must also check the function of the 
respective application example and customize it for your system. 

Siemens grants you the non-exclusive, non-sublicensable and non-transferable right to have the 
application examples used by technically trained personnel. Any change to the application 
examples is your responsibility. Sharing the application examples with third parties or copying the 
application examples or excerpts thereof is permitted only in combination with your own products. 
The application examples are not required to undergo the customary tests and quality inspections 
of a chargeable product; they may have functional and performance defects as well as errors. It is 
your responsibility to use them in such a manner that any malfunctions that may occur do not 
result in property damage or injury to persons. 
 

Disclaimer of liability 
Siemens shall not assume any liability, for any legal reason whatsoever, including, without 
limitation, liability for the usability, availability, completeness and freedom from defects of the 
application examples as well as for related information, configuration and performance data and 
any damage caused thereby. This shall not apply in cases of mandatory liability, for example 
under the German Product Liability Act, or in cases of intent, gross negligence, or culpable loss of 
life, bodily injury or damage to health, non-compliance with a guarantee, fraudulent 
non-disclosure of a defect, or culpable breach of material contractual obligations. Claims for 
damages arising from a breach of material contractual obligations shall however be limited to the 
foreseeable damage typical of the type of agreement, unless liability arises from intent or gross 
negligence or is based on loss of life, bodily injury or damage to health. The foregoing provisions 
do not imply any change in the burden of proof to your detriment. You shall indemnify Siemens 
against existing or future claims of third parties in this connection except where Siemens is 
mandatorily liable. 

By using the application examples you acknowledge that Siemens cannot be held liable for any 
damage beyond the liability provisions described. 
 

Other information 
Siemens reserves the right to make changes to the application examples at any time without 
notice. In case of discrepancies between the suggestions in the application examples and other 
Siemens publications such as catalogs, the content of the other documentation shall have 
precedence.  

The Siemens terms of use (https://support.industry.siemens.com) shall also apply.  
 

Security information 
Siemens provides products and solutions with Industrial Security functions that support the secure 
operation of plants, systems, machines and networks. 

In order to protect plants, systems, machines and networks against cyber threats, it is necessary 
to implement ï and continuously maintain ï a holistic, state-of-the-art industrial security concept. 
Siemensô products and solutions constitute one element of such a concept. 

Customers are responsible for preventing unauthorized access to their plants, systems, machines 
and networks. Such systems, machines and components should only be connected to an 
enterprise network or the Internet if and to the extent such a connection is necessary and only 
when appropriate security measures (e.g. firewalls and/or network segmentation) are in place.  

For additional information on industrial security measures that may be implemented, please visit 
https://www.siemens.com/industrialsecurity. 

Siemensô products and solutions undergo continuous development to make them more secure. 
Siemens strongly recommends that product updates are applied as soon as they are available 
and that the latest product versions are used. Use of product versions that are no longer 
supported, and failure to apply the latest updates may increase customerôs exposure to cyber 
threats. 

To stay informed about product updates, subscribe to the Siemens Industrial Security RSS Feed 
at: https://www.siemens.com/industrialsecurity. 

 

https://support.industry.siemens.com/
https://www.siemens.com/industrialsecurity
https://www.siemens.com/industrialsecurity
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1 Introduction 

1.1 Overview 

The standardization of automation engineering for processing plants, such as 
in the chemical industry, is a major challenge. Different process steps and 
procedures, different equipment and flexibility in the production make the task 
even more difficult.  

This includes the configuring of the plant according to the physical model of the 
ISA 106 standard. This specifies the lower four levels, i.e. plant, unit, plant unit and 
control module. A plant always consists of units. The units can, in turn, comprise 
plant units which can be automated by equipment modules. 

The unit template "polymerization reactor" contains pre-made, standardized and 
ready-interconnected equipment modules and control module types. Using this 
sample solution as a basis, numerous instances with different parameter 
assignments can be generated with adapted characteristics to be widely integrated 
in automation solutions. The PCS 7 project is configured to be hardware-
independent and can be flexibly incorporated in existing projects. 

Differentiation 

This automation solution is designed for a polymerization reactor in the continuous 
or semi-continuous operation. During semi-continuous operation different sorts 
(Grades) of a polymer are alternately produced in a reactor. The grade change 
requires a change in the reaction conditions during the running process. The 
automation of the grade change is a particularly challenging technical control task. 
The unit template could also be adapted for batch operation. In batch operation, 
the specifications for the quantities of raw materials and the product discharge are 
done through a recipe control. However, it should be checked whether non-
linearities of the process dynamics require special adaptations to the regulatory 
approach, especially for the start-up phase of the reaction. 

In the template, the technical process within the polymerization reactor is only 
simulated as a much simplified and linearized process. After the simulation has 
been extended, the unit template could also be used within the framework of an 
operator training system. 

Required experience 

Fundamental knowledge of the following specialist fields is a prerequisite: 

¶ Engineering with SIMATIC PCS 7 and APL 

¶ Knowledge of control technology 

¶ Basic knowledge of process technology 

¶ An understanding of the concept of the equipment modules 
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1.2 Mode of operation 

A polymerization reactor is an integral part of many chemical processes. 
Polymerization reactors can be designed for continuous as well as discontinuous 
operation with different volumes. The selection of a specific reactor is based on 
typical specifications which include: 

¶ Production volume and polymer formation 

¶ Reaction rates, aggregate states of monomers, comonomers and polymers 

¶ Viscosity, thermal stability 

This application example contains a polymerization reactor with circulation cooling 
for continuous operation. 

During the manufacturing process of polymers, the monomer, comonomer, 
hydrogen reactants as well as the catalyst and cocatalyst, among others, are 
added and stirred in the reactor. The use of an MPC control (Model Predictive 
Control), improves the quality of the manufacturing process or the product. 

The unit template "polymerization reactor" has been implemented as a PCS 7 
multiproject as follows: 

¶ One project for the automation system (AS) and one project for the operator 
station (OS) are respectively contained in the component view. 

¶ A hierarchy folder has been set up in the technical hierarchy for each technical 
function of the polymerization reactor. 

In the AS project, all open- and closed-loop control functions are implemented in 
the form of CFC (Continuous Function Chart) charts. Furthermore, the AS project 
also contains a hierarchy folder with simulation charts that simulate a procedure, 
e.g. the filling level change, within a technical function. 

NOTE Technical functions are referred to as equipment modules, whereas individual 
control units and individual control unit types are called control modules or 
control module types. This documentation uses the terms: equipment module, 
control module (CM) and control module type (CMT). 

 

All equipment modules are available in the project's master data library as control 
module types and contain function blocks of the PCS 7 Advanced Process Library 
(APL) and of the Industry Library (IL). 

The OS project comprises the visualization of the polymerization reactor with all 
equipment modules and shows: 

¶ A schematic structure of a polymerization reactor 

¶ The relevant parameters (KPI: Key Performance Indicators) 

¶ The procedural control of a continuous production process 
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1.2.1 Core functionality 

The visualization interface of the "Polymerization Reactor" unit template is 
composed of the following pictures: 

¶ Plant overview picture for orientation and navigation (Level 1) 

¶ Process screen for operation and monitoring (Level 2) 

¶ Detailed process screen in P&ID representation with all components (Level 3) 

 

Plant overview 

The overview picture consists of the following objects: 

¶ Spider graph representation of typical polymerization reactor parameters and 
feeds. 

¶ Bar graph representation of the concentration and melt flow index from the 
product 
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Process image 

The process screen shows the most important process values for monitoring and 
operating the polymerization reactor. From the associated faceplate, you can get 
further detailed information about each displayed value and make changes. The 
trend display shows the actual, target and control variables of the multivariable 
controller. 

 

Detailed process screen 

The process picture of a polymerization reactor consists of the following parts:  

¶ A schematic representation of the unit, with input (arranged on the left) and 
output (arranged on the right) materials 

¶ Graphic modules for controlling the individual components (units) 

¶ SFC for the start and production operation 

¶ Overview of the relevant parameters (Key Performance Indicators) and 
operating hours display 

In the process picture, the operator is provided with an overview of the unit and can 
carry out the necessary operator intervention. 
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Control concept 

A multivariable control (MPC) is used to control the concentration of the gaseous 
materials in the reactor and the product quality (melt flow index of the polymer) by 
taking over setpoint value specifications for the inflows (comonomer, hydrogen, 
catalyst) during the process. 

If measurable disturbances occur in the system, and the process is significantly 
influenced, these can be used for the feedforward control. 

For the subordinate controllers, the PID controller "PIDConL" of the APL is 
employed for the flow rate of the comonomer, the hydrogen and the catalyst. All 
other controllers are also equipped with PID controllers, however they are designed 
as standard, split range, cascade or ratio controllers. 

 

1.3 Components used 

This application example has been created with the following hardware and 
software components:  

Component Note 

SIMATIC PCS 7 ES/OS IPC547G W7 For the PCS 7 V9.0 SP1 example project 

SIMATIC PCS 7 V9.0 SP1 Part of SIMATIC PCS°7 ES/OS IPC547G 
W7 

S7-PLCSIM Not part of SIMATIC PCS 7 V9.0 SP1; 
appropriate licenses are required. 

Advanced Process Library V9.0 SP1 Part of SIMATIC PCS°7 V9.0 SP1 

PCS 7 Advanced Process Graphics V9.0 
SP1 

Not part of SIMATIC PCS 7 V9.0 SP1; 
appropriate licenses are required 

 

NOTE In case of different hardware, please take heed of the minimum requirements for 
installing the software components. The minimum requirements can be found in 
the Readme of the PCS 7 under follow link: 
https://support.industry.siemens.com/cs/ww/en/view/109750097. 

 

This application example consists of the following components:  

Component Note 

84061788_PolyReactor_PROJ_PCS7V90SP1.zip PCS 7 V9.0 SP1 example project 

84061788_PolyReactor_DOC_PCS7V90SP1_de.pdf This document 

 

Note The example project for PCS 7 V9.0 is available for download in the Extranet 
area of the entry: 
https://support.industry.siemens.com/cs/ww/en/view/84061788.  

This Extranet area is only visible if you have a Managed System Services 
contract. You can obtain detailed information at: 
https://support.industry.siemens.com/cs/ww/en/sc/4361. 

You can find an overview of all technical information and solutions, available to 
you exclusively in the Extranet, at the following topics page: 
https://support.industry.siemens.com/cs/ww/en/view/109755371. 

https://support.industry.siemens.com/cs/ww/en/view/109750097
https://support.industry.siemens.com/cs/ww/en/view/84061788
https://support.industry.siemens.com/cs/ww/en/sc/4361
https://support.industry.siemens.com/cs/ww/en/view/109755371
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2 Preparation and commissioning 

2.1 Preparation 

The following instructions describe how to commission the Unit Template by 
simulating the controller with the "S7 PLCSIM" program. If there is a real controller, 
you must configure existing hardware components in the HW Config. 

1. Copy the file "84061788_PolyReactor_PROJ_PCS7V90SP1.zip" into any 
folder on the configuration PC and then open the SIMATIC Manager. 

2. Click on "File > Retrieve" in the menu bar and select the file 
"84061788_PolyReactor_PROJ_PCS7V90SP1.zip". Then confirm by clicking 
on "Open". 

3. Select the folder in which the project is to be saved and confirm by clicking on 
"OK". 
The project is retrieved. 

4. Confirm the "Retrieve" dialog by clicking on "OK" and then click on "Yes" in the 
dialog to open the project. 

5. Right-click on "UT_PolyReactor_OS > OS01 > WinCC Appl. > OS" and then 
click on the menu command "Open object". 

6. Confirm the "Configured server not available" dialog with "OK". 

7. In WinCC Explorer, open the properties of your computer and, in the opened 
Properties dialog, click on the "Use Local Computer Name" button. 

  

 

8. Confirm the "Change computer name" message with "OK". 

9. In the WinCC Explorer, click on "File > Exit" and in the subsequent dialog 
select "Terminate WinCC Explorer and close project".  

10. Then confirm with "OK". 

11. Reopen the WinCC Explorer as described in step 5. 

12. Open by double-clicking on "Variables library". 

13. In the "WinCC Configuration Studio", open "Variables library > SIMATIC S7 
Protocol Suite > TCP/IP" and select the menu command "System parameters". 

14. In the "Unit" tab, check the "Logical device names" setting. If the "S7 PLCSIM" 
program is used, the device name "PLCSIM.TCPIP.1" is selected.  
A restart is required after a device name change. 

 

NOTE If the OS cannot establish a connection with the AS (grayed out module icons), 
select the logical device name "CP_H1_1" and restart the OS runtime. 
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2.2 Commissioning 

The following instructions show how the Unit Template is initialized. The project 
contains an SFC chart where all the important settings are configured so that die 
system reaches the operating point.  

To put into service, it is required that SIMATIC Manager is already open and that 
the Unit Template has been selected in the component view. 

Starting the simulation (S7 PLCSIM) 

1. To start the simulation, proceed as follows: 

2. Select "Tools > Simulate Modules" from the menu. 
The "S7 PLCSIM" dialog window opens. 

3. In the "Open project" dialog, select "Open project from file". 

4. Select the file "PolyReactor.plc" from the path  
<Project path>\UT_PolyReactor\UT_P_MP\PolyReactor.plc>. 

5. In the menu, change "PLCSIM(MPI)" to "PLCSIM(TCP/IP)".  

6. Switch to the component view of the SIMATIC Manager and mark 
"UT_PolyReactor_AS > AS01". 

7. On the menu bar, click on "Target system > Load" and confirm the "Load" 
dialog with "Yes".  

8. Confirm the "Stop target group" dialog with "OK" and the subsequent "Load" 
dialog with "Yes". 

Activate OS (WinCC runtime) 

To activate the OS, proceed according to the following instructions: 

1. Right-click on "UT_PolyReactor_OS > OS01 > WinCC Appl. > OS" and click on 
the menu command "open object". 

2. To activate the OS (WinCC Runtime), select the menu command "File > 
Activate" in WinCC Explorer. 

3. In the "System Login" dialog, enter the user "Unit" as "Login" and "Template" 
as the password; then confirm with "OK". 

4. Select "Reactor" in the icon area 
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NOTE The polymerization reactor is already located in the production process because 
the AS program execution (PLCSIM) has been started. 

 

2.3 Description of the individual functions 

1

2

3

2
6

5

4

 

The process picture of a polymerization reactor consists of the following main 
parts: 

1. Inflow of input materials (educts) 

2. Level control over product outflow 

3. Temperature control (jacket and reactor internal temperature) 

4. Pressure control 

5. Mixers 

6. Polymerization reactor 

 

(1) Inflow of input materials (educts) 

The input materials are added to the vessel via the inflow and in the defined flow 
volume. Different control concepts are used for flow control. These include: 

¶ Ratio control 

¶ Standard control 

¶ Multivariable control for the presetting of educt inflow setpoint values as 
downstream controls 
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(2) Level control over product outflow 

The flow volume of the outflowing product depends on the fill level of the 
polymerization reactor and is controlled in a way that the reactors fill level remains 
constant. Whenever there's a fill level change (due to a difference between the 
inflowing and outflowing volumes) the controller reacts to the fill level changes and 
compensates them by lowering or increasing the outflow volume. 

(3) Temperature control (jacket and product temperature) 

For the chemical reactions to take place it is required to have the correct 
temperature of the materials in the reactor (vessel). Due to the temperature 
dependency of the reaction speed and the exothermic or endothermic chemical 
reactions, reactor temperature control is a very demanding task. This requirement 
is fulfilled by using a stirred tank reactor with jacket cooling. The required reaction 
temperature or reaction environment is preset via the vessel jacket. In order to 
dissipate the reaction heat of the highly exothermic polymerization, a part of the 
reactor contents is also pumped through an external heat exchanger. This pumped 
circulation is necessary, since the heat dissipated from the wall between the 
reactor and the cooling jacket alone is not sufficient.  

Rapid cooling (through an exothermic reaction) of the reaction mass is done by 
channeling cooling water as a service medium through the heat exchanger, which 
removes the reaction heat formed by the reaction. In endothermic reactions, the 
heat of the reaction mass has to be accordingly supplied (not considered in this 
project). 

To reach the preset jacket temperature, the vessel's jacket temperature is 
controlled with heating steam or cooling water. The vessel jacket influences the 
temperature inside the reactor with a small lag.  

(4) Pressure control 

The proper pressure within the vessel and an optimal composition of the gas phase 
for the reaction in the reactor are required for chemical reactions to take place. To 
fulfill this requirement, a preset vessel pressure is set via the pressure control and 
kept constant as much as possible. To increase the pressure, nitrogen is added via 
a supply line as an inert gas that doesn't participate in the chemical reaction. To 
reduce the pressure, an outlet valve is opened, thus allowing the gas mixture to 
escape from the container.  

This type of control is called split range control and it can also be used for other 
tasks, independent from the reactor, where two actuators should controlled by the 
controller (e.g. temperature control with separate actuators for heating and 
cooling). 

(5) Mixers 

The motorized mixer has the task of mixing the added educts or components 
together and to form a uniform distribution of the material concentration and 
temperature within the reactor. To avoid damage to the mixer, the mixer must be 
disabled if the level falls under a certain limit. 
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(6) Polymerization reactor 

Chemical reactions take place in the polymerization reactor. The selection and 
design of the reactor is done while taking account of procedural contexts, part of 
which can be very complex.  

These include: 

¶ Reaction mixtures that require a special frame size or vessel properties 

¶ Inflow and outflow volumes to determine the reactor size 

¶ Reaction sequence in the necessary environmental requirements 
(temperature, pressure, mixing) 

The concentration of various substances in the reactor and the melt flow index of 
the polymer are also recorded and used for flow rate and temperature control. 

Parameters (KPI: Key Performance Indicators) 

The key performance indicators are measured or calculated: 

¶ Dwell time 

¶ Space-time yield 

¶ Catalyst productivity 

¶ Operating hours counter 

¶ The process picture contains the following operating hours counters: 

¶ Motor of the mixer 

¶ Pump for diluent (educt) 

¶ Pump for cooling/heating medium of the vessel jacket 

¶ Pump for cooling/heating medium of the heat exchanger 
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2.4 Controlling the application 

2.4.1 Overview 

Some of the polymerization reactor's components can be operated and monitored 
by means of the process picture. In addition, the plant operator receives 
information (KPI's) for the current process. 

 

NOTE Please note that after CPU start it takes about 15 minutes until the plant goes in 
production operation, which meets the specified quality requirements. During the 
running production operation, all controllers are enabled. You can identify this 
state in the SFC when it has successfully processed all sequences, among 
others. 

 

The following scenarios relate to the handling of the "Polymerization Reactor" unit 
template: 

¶ Procedure for controller optimization 

¶ MPC working point optimization 

¶ Monitoring the progress of the process with APG 

 

2.4.2 Scenario A ïProcedure for controller optimization 

Thanks to its wide range of control loops, this application offers a great way to 
perform optimizations for individual control loops, starting with simpler controls, 
such as fill level control, to complex multivariable controls for polymerization. The 
basic procedure for controller optimization is described in the following. 

After a successful startup of the plant, all controllers are enabled, so that separate 
setpoint values can be specified after switching to the internal setpoint value. 

Standard PID controller 

The PID controls, with the exception of the slave controller of the MPC and the 
motor staging, operate independent from the process simulation of the MPC.  

The Following optimization is explained using the example of the flow 
"FIC_Cocatalyst" and described only until the optimization dialog. A detailed 
description for the controller optimization can be found in the application notes: 

¶ "How do you do perform controller optimization with the PCS 7 PID tuner?" 
under https://support.industry.siemens.com/cs/ww/en/view/8031495 

¶ "PID Control with Gain Scheduling and PID Tuning" under 
https://support.industry.siemens.com/cs/ww/en/view/38755162 

 

1. In the OS, switch to the process picture and select the block icon 
"FIC_Cocatalyst". This will open the corresponding faceplate. 

https://support.industry.siemens.com/cs/ww/en/view/8031495
https://support.industry.siemens.com/cs/ww/en/view/38755162
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2. Change the setpoint value specification to the internal setpoint value. 

 

NOTE The setpoint value is tracked so that the switchover does not bring about any 
changes. 

 

3. Change the faceplate in the "Parameters" range and activate the setting "PID 
optimization". 
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4. Switch to the SIMATIC Manager and open the chart partition "A", sheet "1" of 
the CFC chart "FIC_Cocatalyst". 

5. Select the controller block "C" and choose the menu command "Edit> Optimize 
PID controller ...". 

6. Carry out the controller optimization. 

NOTE Please note that the flow does not consist an integral part and the excitation to 
the optimization does not deviate much from the operating point. 

 

MPC controller 

The multivariable control is applicable for slower but more sophisticated processes. 
Before optimizing the multivariable controller, the slave controllers must first display 
a stable control behavior. This relates to the example of the educt flow and the 
temperature control via the heat exchanger. 

The steps are described until the optimization dialog for the following optimization. 
A detailed description for the MPC optimization, can be found in the application 
notes  

¶ "Fluidized Bed Dryer - Design of Model Predictive Control with Economical 
Steady State Optimization" under follow link: 
https://support.industry.siemens.com/cs/ww/en/view/61926069 

¶ "PCS 7 Unit Template "Distillation Column" using the example of the Chemical 
Industry" in chapter "Configuration of the MPC controller" under 
https://support.industry.siemens.com/cs/ww/en/view/48418663. 

 

NOTE Please note that in the listed applications, MPC controls are described with 
different numbers of controlled variables and disturbance variables. The basic 
procedure for controller optimization is however identical and can also be applied 
to this example. 

 

1. In the OS, Switch to the process image of the polymerization reactor and wait 
until all operating points are reached and the controllers are enabled. 

2. Open in order to monitor the trend display of the first process variable. 

 

https://support.industry.siemens.com/cs/ww/en/view/61926069
https://support.industry.siemens.com/cs/ww/en/view/48418663
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