
 

 

 

 

Technische Universität Dresden 

 

 

TTOWARDS AN INTEGRATED USE OF SIMULATION 
WITHIN THE LIFE-CYCLE OF A PROCESS PLANT 

 

Mathias Oppelt 

 

von der Fakultät Elektrotechnik und Informationstechnik  

der Technischen Universität Dresden 

zur Erlangung des akademischen Grades eines 

 

Doktoringenieur 

(Dr.-Ing.) 

 

genehmigte Dissertation 

 

Vorsitzender:  Prof. Dr. techn. Klaus Janschek, Technische Universität Dresden  

Gutachter:   Prof. Dr.-Ing. habil. Leon Urbas, Technische Universität Dresden  

   Prof. Dr.-Ing. Georg Frey, Universität des Saarlandes 

Tag der Einreichung: 15. September 2015 

Tag der Verteidigung: 15. Dezember 2015 



 

 

  



Shaker  Verlag
Aachen  2016

Berichte aus der Automatisierungstechnik

Mathias Oppelt

Towards an integrated use of simulation
within the life-cycle of a process plant



Bibliographic information published by the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this publication in the Deutsche
Nationalbibliografie; detailed bibliographic data are available in the Internet at
http://dnb.d-nb.de.

Zugl.: Dresden, Techn. Univ., Diss., 2015

Copyright  Shaker  Verlag  2016
All rights reserved. No part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, without the prior permission
of the publishers.

Printed in Germany.

ISBN 978-3-8440-4194-1
ISSN 0945-4659

Shaker  Verlag  GmbH  •  P.O. BOX 101818  •  D-52018  Aachen
Phone:  0049/2407/9596-0   •   Telefax:  0049/2407/9596-9
Internet: www.shaker.de   •   e-mail: info@shaker.de



 

 

 
 
 
 

 
 
 

 

DISSERTATION   

TOWARDS AN INTEGRATED USE OF 
SIMULATION WITHIN THE LIFE-CYCLE 
OF A PROCESS PLANT 
 

 

 

 

 

MMATHIAS OPPELT  

  

    FFakultät ET/IT, Institut für Automatisierungstechnik, Lehrstuhl für Prozessleittechnik  



 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cover picture: Thanks to Simona Schröder and Fahim Mohammadi for creating the cover picture. The 
Common Dandelion picture used is licensed by Michael Gäbler (under Creative Commons Attribution 
3.0 Unported license). 

 



 

I 

PREFACE 

The idea for this thesis was born in spring 2012 during a dinner discussion with Dr. 

Stefan Bamberger. I just joined his team of global product management for process 

automation within the Siemens AG and took over the responsibility to extend the 
existing product portfolio with simulation products. Based on some experience with 

simulations in automotive, aviation, production machine and machine tool industries, 
I liked the idea to integrate simulation more into the process automation workflows. 

Some discussions with customers quickly revealed a gap between the current use of 
simulation and the potential attributed to it. Also in academia very little work could be 

found on an integrated use of simulation within the life-cycle of a process plant. 
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ABSTRACT  

Today the mega trend of digitalization starts to transform markets and businesses 

towards much higher volatility in demand and resource availability. Therefore, higher 

flexibility and efficiency for future production plants is necessary to continue a 
sustainable growth and development of businesses within a fast changing 

surrounding. This requires also more flexible and efficient engineering and 
operational methods than established today, to deal with the rise in complexity of 

these future production plants. This complexity will massively complicate the 
engineering and operational decision making process, because multi variable 

optimization problems arise, which can no longer be answered by experience. 

One possible technology to support the decision making process is simulation, 

which can be used to answer engineering and operational questions earlier and with 

lower risks. Further, simulation will be one key element of a successful digitalization 
strategy, because it enables the virtual representation of a production plant or 

product within a digitalized supply chain. Thus, simulation should gain significant 
importance across all industries in the future. Also within the life-cycle of a process 

plant, simulation is vital to cope with the challenges of digitalization and a more 
flexible production. Therefore, within this thesis the pathway for simulation within 

the process industries is investigated.  

A global online survey with more than 200 participants and more than two dozen 

expert interviews reveals deep insights about the current and future use of 
simulation within the process industries. Today simulation is already an accepted 

technology to support engineering and operational decision making. But simulation 

strongly depends on individual persons regarding how it is used and if it is used at 
all. Thus, today a scattered use across the life-cycle is state of the art, with four main 

use cases which are design simulation, virtual commissioning, operator training and 
optimization. An important finding is also, that simulation is not only used by 

simulation experts, but often by domain experts like automation engineers as 
supporting technology.  

The expectations within the process industry are that simulation will gain major 
importance over the next years and the target is a continuous use along the life-

cycle. Further, in future simulation will be used systematically as an integrated part 
of the normal engineering and operational workflows along the full plant life-cycle. 

The center piece of engineering and operations will be a complete virtual 

representation of the real plant, a virtual plant, being able to evaluate engineering and 
operational questions in a realistic and reliable manner. A simple use of simulation 



 

IV 

and a high degree of reusability of existing models will ensure an efficient and 
flexible use of simulation throughout the complete plant life-cycle.  

For the realization of the identified vision requirements and fields of actions are 

derived within this thesis, being the foundation for a technology roadmap describing 
a possible way into the future. Important fact is that the successful use of simulation 

is no pure technical aspect; multiple non-technical aspects like e.g. management 
acceptance have to be considered. The pathway towards an integrated use of 

simulation is evolutionary and stepwise, first integrating virtual commissioning and 
operator training, and then adding design simulation before last adding optimization, 

to reach a concurrent use.  

The first integration step is investigated within a detailed technical prototype. The 

prototype shows that even today a much more integrated use of simulation can be 

realized based on an available set of tools. Thus, an evolution towards an integrated 
use of simulation within the life-cycle of a process plant is possible. Even though 

some time is required for a complete integration of simulation into the life-cycle of a 
process plant, because existing workflows needs to be adapted and continuously 

improved. 

Future work can focus on an even better integration of available tools through 
standardized interfaces. In addition, a big advantage is provided, if for all devices 

appropriate simulation models are delivered by the device manufacturers. Thus, the 
integrated use of simulation can become a reality sooner rather than later and lead to 

the fully virtual plant.  
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