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Chemical Industry

As a supplier to the plastics industry, but also to the agricul-

tural and food sectors, the chemical industry is of great im-

portance to the economy and society. In Germany, the larg-

est chemical nation in Europe, it occupies an essential place. 

We support companies in the chemical industry in both pro-

cess and production optimization. Our tools here are mod-

eling, simulation and optimization (MSO).
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The chemical industry has been considered a 
driver of progress in Germany for more than 
100 years. The KEEN project brings together a 
total of 20 startups, corporations and research 
institutions. Together, the participants are 
working to take the experience of the tradi-
tionally knowledge-based industrial world in 
new directions with the possibilities of artifi-
cial intelligence. Because one thing is clear: 

“AI alone will not work. It is a matter of bring-
ing knowledge and data together to unleash 
practical benefits,” says Dr. Michael Bortz.

What if ...

Fraunhofer ITWM runs two subprojects for 
this purpose: In the first step, together with 
TU Kaiserslautern, thermodynamic properties 
of mixtures are modelled so that AI can be 
used for the prediction of substance proper-
ties. In the second step, process simulations 
are carried out. “Only when we know how 
substances behave can we, for example, even 
design a process for separation,” says Bortz. 

Specifically, the team is working on a decision 
support system that can run “what if” scenar-
ios in real time. By using AI, it is also possible 
to display the effects of changes in the pro-
cess in real time, even in computationally in-
tensive and time-consuming process simula-
tions: “We set up AI models that we train 
with simulation data and that can then calcu-
late considerably faster and even be capable 
of real-time,” says Bortz, describing the vision.

Three major fields of research

The KEEN consortium is researching three ma-
jor topics: the modeling of processes, product 
properties and plants, engineering, and the 
realization of self-optimizing plants. The re-
search will run until 2023, with the first com-
mercial AI products for the process industry 
expected to be available by 2025. The project 
is 60 percent funded by the German Federal 
Ministry for Economic Affairs and Energy and 
has total funding of 23 million euros.

AI Meets 100 Years of Engineering 
Expertise

The innovation platform KEEN (Artificial Intelligence Incubator Labs in the Process 
Industry) aims to accelerate the use of AI technologies and AI methods in the pro-
cess industry. Employees of the “Optimization” division contribute their know-how 
around the digitization of chemical production to the project. 

Contact

PD Dr. Michael Bortz

Head of Department “Optimization – 

Technical Processes”

Phone +49 631 31600-4532

michael.bortz@itwm.fraunhofer.de
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Further information is available on the website at  
www.itwm.fraunhofer.de/keen-en
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https://www.itwm.fraunhofer.de/en/departments/opt/staff/michael-bortz.html
https://www.itwm.fraunhofer.de/en/departments/opt.html
http://www.itwm.fraunhofer.de/keen-en
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People are creatures of habit. If their favorite 
shampoo suddenly feels different, many peo-
ple find this annoying and may switch prod-
ucts the next time they buy. “Companies do 
not easily change chemical formulations of 
successful products, whether that is in the 
cosmetics sector or in other industries,” says 
Dr. Peter Klein, a scientist in the “Optimiza-
tion” field who is leading the FORCE project.

Assessing consequences – making 
 decisions

The objective of FORCE is to develop a Business 
Decision Support System (BDSS) specifically 
tailored to the optimization of chemical for-
mulations. The software-based optimization 
and decision support system will cover the 
business processes of product optimization, 

Optimizing Chemical Formulations With 
Low Risk

Good  
decision- 

making is  
the objective 

of FORCE.

Changing a successful product requires a certain amount of courage. Costs and ben-
efits have to be weighed up against each other in order to make a sound decision. 
In the FORCE (Formulations and Computational Engineering) project, researchers at 
Fraunhofer ITWM are developing a system that supports such decisions.

The FORCE project started in January 2017 and ended in March 2021 after extension. It 
is funded under the Leadership in Enabling Industrial Technologies LEIT pillar of the EU 
H2020 program.
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development and quality control. In order to 
be as close as possible to the needs of the in-
dustry, case studies from three different com-
panies with their specific products will be used: 
project partners are Dow Benelux (PU foams for 
thermal insulation), Megara Resins SA (PU-based 
liquids for paints, coatings or printer inks) and 
Unilever UK Central Resource Ltd. (shampoos). 

“Production processes are complex. Anyone 
who intervenes in them has to take a great 
many parameters into account,” says Klein. 

Contact

Dr. Peter Klein

Division “Optimization”

Phone +49 631 31600-4591

peter.klein@itwm.fraunhofer.de

Further information is available on our website at  
www.itwm.fraunhofer.de/force_en

Left: Ten international project partners were in-

volved in FORCE – the entire team came togeth-

er for the launch. Right: New scent, different 

feel? Changes in the production process must 

be well considered.

© istockphoto/Reptile8488

“Our platform is therefore designed to reveal 
to the user what which adjusting screws do 
and to show different options.” “Ultimately,” 
he says, “it is always a matter of finding the 
best possible compromises between goals 
that are in conflict with each other.” The sys-
tem shows its users the best possible compro-
mises on the basis of Pareto fronts.

Interactive Decision-Making

For a decision strategy, you compare, for exam-
ple, which substances can be changed in their 
concentration ratios and then receive results that 
need to be evaluated: “Then you have to weigh 
things up. For example, you compare production 
costs with quality,” says Klein, describing a typi-
cal dilemma. “We can support this process with 
interactive decision- making, for example, by sim-
ulating that the consistency of a shampoo chang-
es due to the modification of attributes from the 
chemical process. On this basis, it is possible to 
decide whether the product will continue to meet 
the expectations of its target group and whether 
the production costs saved should be accepted 
for the noticeable change to the product.” 

In addition, the BDSS also incorporates con-
straints, such as legislation or certain standard 
values that must also be changeable: If a regu-
lation changes, the performance indicators in 
the formula must be renewed. For the soft-
ware users, this means that they can repeat-
edly check an optimization problem including 
new constraints. “The same is true for price, 
when you match production and material 
costs with technical requirements: We can 
simulate different ingredients for the same re-
sult while checking the cost issue.”

https://www.itwm.fraunhofer.de/en/departments/opt.html
https://www.itwm.fraunhofer.de/en/departments/opt/staff/peter-klein.html
http://www.itwm.fraunhofer.de/force_en
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Optimal foaming as a complex process 

The process is divided into the following steps: 
First, the material is injected into an open 
mold, during which the foam already starts to 
expand. Then the mold is closed and the foam 
continues to expand until it fills the entire cavi-
ty. It is also possible to influence the flow of 
the foam by tilting the mold in a certain direc-
tion. Injection paths, inclination of the mold as 
well as the amount of material are all import-
ant for the injection phase in order to obtain a 
uniform foam density at the end of the pro-
cess.

It should also be noted that carbon dioxide is 
released during foaming. This excess gas is 
usually removed from the mold by vents. Here 
again, the arrangement of the vents is import-
ant, as incorrect placement can lead to gas 
bubbles or large cavities. We take all these as-
pects of the process into account in the simu-
lation with our FOAM tool.

Project objective and collaboration: 
From experiment to simulation

The objective of the project between Fehrer 
Automotive, Audi and our institute is to vali-
date these strengths of FOAM. Our main focus 
was on predicting the expansion of PU foam – 
also in a real car seat geometry. The latter was 
provided by Audi, while Fehrer Automotive 
was responsible for conducting the experi-
ments. At the start of the project, the team 
selected two foam systems and conducted 
simplified foam expansion tests for each sys-
tem supplied by Fehrer. These provided infor-
mation on the volumetric expansion over time 
as well as the development of the foam tem-
perature. A specific amount of foam material 
was injected into a cylindrical tube. The foam 
height during expansion was measured at the 
centerline and the foam temperature was 
measured at the sensor position five centime-
ters from the bottom. This data served as the 
basis for the identification step of the input 
parameters of the FOAM model. On this basis, 

Take a Seat – Simulation of PU Foam Expan-
sion During Injection Molding of Car Seats

The simulations (each on the right) show the very good qualitative match with the experiments 

with regard to the position of a pouring path (yellow) in top/bottom view

Car seats have a complex structure: frames, load-bearing structures, heating systems, 
back and seat cushions. The latter are composed of polyurethane foams (PU foam) – 
often in different degrees of hardness. The ITWM tool FOAM simulates the expan-
sion process during the production of such PU foams – in arbitrary geometries and 
provides the possibility to digitally calculate foam formation and foam density in 
advance.

Simulation en-
ables predic-

tion: How does 
foam spread?

Chemical Industry
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Further information and simulation videos are available on the website:  
www.itwm.fraunhofer.de/pu-simulation-car-seat

“The ITWM has a unique competence in the virtual 
representation of complex physical processes, from 
physical and mathematical modeling to efficient nu-
merical computer-aided computation. The coopera-
tion with ITWM is always pleasant and straightfor-
ward.”

Dr.-Ing. Johannes Spahn
 Audi AG

we calibrated the input data of the model to 
match the experiments.

After successful model calibration, validation 
tests were performed in a box geometry under 
different configurations. In all cases, a certain 
amount of material was injected into the open 
box. After injection, the mold was closed with 
a transparent lid and the foam expansion was 
filmed with a camera. In this way, the develop-
ment of the foam front could be closely ob-
served and used to validate the simulation re-
sults. Very good qualitative agreement was 
found between such tests, including those 
with Audi’s real car seat geometry, and the 
simulation.

FOAM has demonstrated its value as a simula-
tion tool for predicting foam expansion in 
complex molds. It enables testing of different 
injection paths and correct vent positioning in 
early development phases. By using FOAM, 
companies not only save a large number of ex-
perimental tests, but also time and money.

Contact

Dr. Dariusz Niedziela

Department “Flow and Materials Simu-

lation”

Phone +49 631 31600-4545

dariusz.niedziela@itwm.fraunhofer.de
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https://www.itwm.fraunhofer.de/en/departments/sms.html
http://www.itwm.fraunhofer.de/pu-simulation-car-seat
https://www.itwm.fraunhofer.de/en/departments/sms/staff/dariusz-niedziela.html
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The fuel cell seems to be the ideal vehicle drive: 
quiet, clean and independent of oil. The hydro-
gen required for this can be obtained from 
green electricity via electrolysis. An electrolysis 
cell is similar to a fuel cell, except that the en-
tire process is reversed: Using electrical energy, 
hydrogen is obtained by splitting water into 
hydrogen and oxygen. Among other things,  
a cell consists of two metallic plates (bipolar 
plates) and a membrane. “The flow dynamics 
of the bipolar plate are quite crucial for the 
performance of the cell ,” says Dr. Christian 
Leithäuser from the “Transport Processes” de-
partment. “We want to design these in such a 
way that the oxygen produced is discharged 

sufficiently quickly to make the cell more effi-
cient. To do this, we simulate a multiphysics 
problem and use shape optimization methods.”

PhD thesis results in simulation tool 
CASHOCS for design

This topic of “designing bipolar plates for hy-
drogen electrolysis” was investigated in more 
detail by his colleague Sebastian Blauth in his 
doctoral thesis: “An open-source software 
package called CASHOCS was created based 
on my work,” Blauth reports. This stands for 

“Computational, Adjoint-Based Shape Opti-

Understanding Hydrogen Electrolysis on a 
Small Scale – Achieving Big Things for 
Greener Energy

Hydrogen technologies are seen as paving the way for climate-neutral mobility and 
as holding out hope for the climate-neutral design of the energy industry and the 
chemical industry. But to achieve this, the chemical processes of the cells need to 
be better understood. A team from the “Transport Processes” department supports 
the design and optimization of the cells with novel shape optimization methods.
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mization and Optimal Control Software”. 
“CASHOCS has since become a generic tool 
that we now use for the design of chemical 
reactor components.” Similar issues arise in 
fluid dynamic stack design. Here, too, it is im-
portant that all cells are flowed to as uniform-
ly as possible and without major pressure losses.

Example PEM electrolysis: Optimize 
free of dead zones

In Proton Exchange Membrane (PEM) electrol-
ysis, water is supplied via the bipolar plate on 
the anode side. This is also split into hydrogen 
(H2) and oxygen (O2) by the supply of energy. 
The hydrogen migrates through the membrane 
and is collected on the cathode side. The re-
sulting oxygen must be removed via the bipo-
lar plate on the anode side so that the cell effi-
ciency does not drop. 

The bipolar plate should therefore always have 
an even flow – without so-called death zones 
from which the oxygen does not escape quick-
ly enough. The graphic on the right illustrates 
the design with the CASHOCS tool. The refer-
ence design is shown above with the inlet in 
the upper left corner and the outlet in the low-
er right corner. The flow velocity is illustrated 
by the color scheme. In the lower left and up-
per right corners of the reference bipolar plate 
are death zones with poor flow. The bottom 
graph shows an already optimized bipolar 
plate. The tool’s algorithm cleverly manipulates 
the reference geometry until the best possible 
uniform flow is achieved. The optimized bipo-
lar plate is then free of dead zones. 

In particular, such an approach with a digital 
twin opens up a detailed insight into the com-
plex processes within the microstructures that 
would not be possible at all purely experimen-
tally. Looking to the future: Implementation of 

the new design is now easily possible using ad-
ditive manufacturing processes. The develop-
ment results will thus flow into the next gener-
ation of electrolysis cells.

More about the focus “Fluid Dynamics Process Design”  
www.itwm.fraunhofer.de/tv-process-design

Optimized stack design: Two bipolar plates be-

fore and after shape optimization. Blue areas 

are death zones with insufficient flow (refer-

ence above, optimization below).

More about the CASHOCS tool: www.pypi.org/project/cashocs/

Transport Processes
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flow velocity

Contact

Dr. Christian Leithäuser

Department “Transport Processes”

Phone +49 631 31600-4411

christian.leithaeuser@itwm.fraun-

hofer.de

https://www.itwm.fraunhofer.de/en/departments/tv/fluid-dynamical-process-design.html
http://www.pypi.org/project/cashocs/
https://www.itwm.fraunhofer.de/en/departments/tv.html
https://www.itwm.fraunhofer.de/en/departments/tv/staff/christian-leithaeuser.html
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