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What Affects the World

INVITE Managing Director Dr. Thomas Bieringer is convinced that future reactor components need not be any 
larger than this. 200 tons of product could be produced in this LH25 from Ehrfeld Mikrotechnik BTS per year.
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Invitation to the Future
A growing world population on the one hand with increasingly scarce resources on 
the other is also a challenge for the chemical industry. The new INVITE research 
center is working on innovative production concepts to address this dilemma. The 
aims are a better utilization of resources and more flexibility.

  PROCESS TEChNOLOGy 



The enthusiasm in Professor Ursula Gather’s face was 
clearly visible: with INVITE two institutions have come 

together that can benefit from each other in a very special 
way and can create something extraordinary in this coop-
eration, said the Rector of the TU Dortmund at the inaugu-
ration of the research center. The partnership between the 
TU Dortmund and Bayer Technology Services also serves 
as a role model. INVITE accelerates the transfer from re-
search into practice and therefore helps bridge the divide 
that is often found between university research and its ap-
plication. Indeed, the new research center offers both uni-

Close ties 
between industry 
and academia
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ow will the chemical industry of the fu-
ture manufacture its products? Dr. Tho-

mas Bieringer does not take long to answer: “Many production 
facilities will be smaller, and the processes will be even more 
efficient,” replies the Managing Director of the INVITE re-
search center, which was inaugurated in Leverkusen in Septem-
ber 2011. And the German physicist has another prediction: 
“Some chemical production facilities will operate according to 
the Lego principle. Just imagine a building design consisting of 
standardized modules that you can combine and interchange 
depending on the particular process required.” 

Bieringer only has to walk a few steps from his office to show 
visitors to the new research center. In the large pilot plant that 
effectively forms the core element of the building, there is a fa-
cility based on this modular principle: a linear box-like struc-
ture with open sides. The observer’s attention is immediately 
drawn to the vast amount of shiny metal: stainless steel compo-
nents in all shapes and sizes, angular and round containers, 
here and there a glass flask and metal pipes everywhere. Every 
single centimeter seems to be put to use.  

“A complete production plant for a two-step synthesis process 
is housed in this container,” Dr. Lars Frye from Bayer Technol-
ogy Services explains to the amazed visitors. Frye is responsi-
ble for the construction of the container. Upon closer inspec-
tion, you can easily detect the modular design to which 
Bieringer had referred. Each component takes up the same floor 
space. Similar to a chess board, the container floor is divided 
into 40 square fields of equal size, each measuring some 57 by 
57 centimeters. “This standardization makes it possible to com-
bine and interchange the individual components,” says Frye. 
For example, if a distillation apparatus is required after the ac-
tual reactor for one process, but a separating funnel is neces-
sary for another, the respective modules can be exchanged – 
quickly and easily. 

And the container itself is also standardized. “It has the exact same 
dimensions as a standard 20-foot container like those used in 
shipping and road transport,” says Bieringer. As a result, it can 
be easily transported. This constitutes a paradigm shift in 
chemical manufacturing: “If the raw materials and the custom-
ers for a certain product are located, for example, in France,  the 
company will be able to move the production facilities to that 
very site, thus eliminating unnecessary transport routes in fu-
ture.”

Tobias Grömping is also thrilled about the container in the 
INVITE research center. “This facility is one of the first conse-
quences of the so-called F3 Factory project,” reports Grömping, 

 h
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“INvITE aims to be the leading address 
for innovative process development in the chemical  
and pharmaceutical industries.”
Professor Wolfgang Plischke, Board Member for Innovation, Technology and Environment, Bayer AG 



versities and industrial companies the unique opportunity 
to develop innovative technologies even more efficiently. 
Participating students about to earn their diploma and doc-
toral candidates at the TU Dortmund benefit from projects 
performed under real production conditions. They can get 
to know the latest technologies – where they are developed 
and implemented. For their part, they contribute their spe-
cial theoretical and academic knowledge, which helps their 
industry partners. 

The cooperation is in full swing, said Gather. There is al-
ready joint research in projects such as F3 Factory, and the 
partnership is also evident in the lecture halls of the TU: 
Bayer Technology Services is sponsoring a professorship in 
Apparatus Design (Professor Norbert Kockmann, see tech-
nology solutions 1/2011) in the department of Bio- and 
Chemical Engineering. 
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“INvITE accelerates the transfer from research into 
practice. In addition, our students benefit from projects performed 
under real production conditions.”
Professor Ursula Gather, Rector, TU Dortmund

who manages this project for Bayer Technology Services. The 
three “F’s” stand for “flexible, fast, future” – terms that repre-
sent the essence of factories of the future. The F3 Factory project 
is supported by the European Union and coordinated by Bayer 
Technology Services. A total of 25 partners are participating. In 
addition to Bayer, this includes a number of leading European 
chemical companies, such as BASF, Evonik and AstraZeneca. 
They work across competitive boundaries with research insti-
tutes and universities.

However, F3 Factory is not the only project on which the ex-
perts at the INVITE research center are working with great in-
tensity. Its name is derived from Innovations, Visions and Tech-

It opened in September 2011 and ever since it has been an 
address for specialists working on the factories of the future: 
the INVITE research center in Leverkusen. Some parts 
of the building are deliberately easily accessible to the public. 
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nologies, and it is meant quite literally as an invitation. Under 
the auspices of  INVITE, colleagues from university research 
and industry are offered a forum to meet and learn from each 
other – in an open, creative and interdisciplinary exchange. The 
cooperation among companies that are normally in competition 
with each other is explicitly welcome here, says Bieringer. “On-
ly if we sit together at the same table will we be able to develop 
a binding standard for future concepts,” says Bieringer with 
conviction. 

The research company is also promoting a closer alliance between the 
academic world and industry.  INVITE was founded in 2010 as 
a joint venture between Bayer Technology Services and the 
Technical University Dortmund. The ambitious goal of this pub-
lic-private partnership is to develop production concepts for the 
factories of the future – flexible, efficient, while at the same time 
conserving resources. “INVITE aims to be the leading address 
for innovative process development in the chemical and phar-
maceutical industries,” stressed Professor Wolfgang Plischke, 
who is a member of the Bayer AG Board of Management respon-
sible for Innovation, Technology and the Environment, at the 
inauguration of the building.

The interdisciplinary approach, creativity and openness are  
already reflected in the building’s architecture. It is not without 
good reason that only half of the research center is located on 
the site of the Chempark Leverkusen. The other half is easily ac-
cessible to the public. And even those who are not authorized to 
enter the factory part of the building can observe through large 
windows what projects scientists and technicians are currently 
working on.

One example is the F3-Factory container, which has already 
been construed based on a very specific application, as Dr. Sig-
urd Buchholz, Head of the Process & Flow Chemistry Group at 
Bayer Technology Services, explains: “We integrated the first 
two steps in the synthesis of a potential active ingredient for 
cancer treatment here.” The active ingredient developed by 
Bayer HealthCare is currently undergoing clinical testing.

Another decisive pioneering change is that the facility works con-
tinuously and not, as is common in the pharmaceutical industry 
– in batchwise production. This means the raw materials can be 
added and the product obtained continuously – without having 
to interrupt the process. 

Such an approach also represents another true paradigm 
change in future manufacturing. “If you can produce continu-
ously, you are able to keep less raw materials in stock, have less 
downtime and spend less time on equipment cleaning. In short, 
costs are lower,” says Buchholz. In addition, it is possible to run 
continuous reactions in smaller reactors, which is an important 
prerequisite for the compact factory in a container design. In the 
case of the two-step synthesis of this particular active ingredi-
ent, the reactor holds just 160 liters – far less than in the classi-
cal batch process. 

Regardless whether it is a question of active ingredients, ad-
ditives, specialty chemicals or polymers – manufacturers al-

ways face the same two challenges: they have to produce their 
substances in the purest form possible, and the entire effort 
should also be economically viable. But how can you optimize 
a synthesis?

With flonamic, Bayer Technology Services offers a whole set 
of tools to optimize every process quickly, individually and in 
a highly customized way. The 
spectrum ranges from evalu-
ating the individual steps of 
chemical synthesis and de-
termining the proper process 
parameters to scaling-up to 
the specifically required pro-
duction scale. The company’s 
connections to INVITE and its 
associated partner network as 
well as to the subsidiary Ehr-
feld Mikrotechnik BTS have 
played a central role in provid-
ing this service. This has re-
sulted in a unique infrastruc-
ture with extensive expertise 
and access to both innovative 
technologies and special hard-
ware, including, among other 
things, the miniaturized facili-
ty module supplied by Ehrfeld 
Mikrotechnik BTS. With this 
technology it is possible to in-
vestigate planned processes with extremely small amounts of 
material that are still representative – for example, in terms of 
mixing procedures and heat transfers. 

In the case of existing processes flonamic can help, for in-
stance, when converting from a batch operation to continuous 
production. On the other hand, the requirements in the case of 
new processes can involve, for example, increasing the yields 
achieved until now on a laboratory scale, reducing the use of sol-
vent or ascertaining the optimal reaction temperature. flonamic 
can set about this task either with theoretical calculations based 
on material data or with its own series of tests on a laboratory 
scale. In pilot plants experts can then determine the optimal pa-
rameters for a robust process on any scale. 

flonamic also shows if an economically viable synthesis can-
not be achieved. Clearly, this is important information to avoid a 
significantly bad investment as early as possible.

anybody who undertakes chemical syntheses faces 
this question. flonamic helps optimize every process – 
quickly, individually and in a customized way.

What is the secret to 
optimal production?
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isolate the product. The remaining cells, together with fresh nu-
trient solution, are returned to the reactor – also continually. 

Another important MoBiDiK aspect is that some parts, such 
as the reactor, filters and storage tanks, are made from plastic 
and can be quickly and easily disposed of after each batch. For 
the next production, they are replaced by new, clean and sterile 
elements. This allows more flexibility and saves purification 
costs as well as the associated proof of cleanliness.

Chemical production of the future is also going to have to change 
in terms of the starting materials. As fossil fuels further di-

minish, demand for alterna-
tive raw material concepts 
will continue to grow. The 
CO2RRECT initiative, in 
which INVITE is also in-
volved, is pursuing this ob-
jective as well. A consortium 
under the leadership of  
Bayer Technology Services is 
now working on, among oth-
er ideas, the concept of utiliz-
ing CO2 as a raw material for 
various base chemicals. In 
addition, the electricity re-
quired will stem from regen-
erative sources, including 
surpluses  insufficiently used 
so far, such as those pro-
duced by wind turbines un-
der certain weather condi-
tions. So, there is a potential 
for a double advantage in 
terms of sustainability.

Indeed, sustainability in 
general  plays a major role 
with INVITE and its associat-
ed projects. After all, produc-

tion processes consume a lot of energy. In light of population 
growth and rising living standards, this expenditure will no 
doubt even increase in future.  More efficient process concepts 
will thus continue to be in demand. 

These are exciting times for Thomas Bieringer and his many 
colleagues, and you can clearly sense his enthusiasm for the tar-
geted paradigm change. The head of INVITE once again fixes his 
gaze on the F3 container: “This concrete example of a two-step 
reaction is just the beginning. Many other companies participat-
ing in the F3 Factory project are also working on modular con-
tainer solutions for specific production processes. In 2012 all 
these containers will be tested here at INVITE.” And also pre-
sented to many interested visitors, which is of course completely 
in line with the core idea behind INVITE: that is to be open.

Microreactors prove that even smaller models are possible. 
The reaction components flow through mixing channels whose 
openings are in some cases narrower than a human hair. “And 
yet 25 liters can flow through such a reactor per hour, and one 
can produce 200 metric tons a year,” says Bieringer. This mini-
aturization offers big advantages because, for instance, the heat 
exchange occurs much faster than in larger reactors. Heating 
and cooling are also much faster. Smaller units are a lot safer to 
operate because, for example, they can be shut down much 
quicker and the hold-up of reacting materials is much smaller.

And what if the production yield of a container is insufficient? 
Bieringer laughs. “It’s simple: you just install two, three or more 
containers parallel to each other.” This flexibility also allows 
producers to better handle fluctuations in demand.

INvITE would also like to promote continuous processes with its Mo-
BiDiK project. The name derives from the German for modular 
bioproduction – disposable and continuous. “It involves a gen-
eral concept for biologicals production,  i.e. antibodies that are 
playing an ever greater role in medicine,” explains Dr. Andrea 
Vester, a Project Manager at Bayer Technology Services. They 
are usually produced from animal cells – until now almost ex-
clusively in fed-batch processes. The product is first isolated 
and purified at the end of the process. With MoBiDiK, however, 
liquid is continuously extracted from the bioreactor in order to 

Continuous production (like a paternoster elevator) or in batches (press a button for an elevator)? Dr. 
Agathe Christine Mayer (left) and Dr. Andrea Vester from Bayer Technology Services look for answers.




