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Production challenges addressed
Evonik Industries AG is a global leader in specialty chemicals 
production. Its products are used in a wide variety of high end 
application areas including pharmaceuticals, agrochemicals, paints 
& coatings, paper, plastics, personal care & hygiene, adhesives 
and sealants. Innovative production strategies in these �elds 
are, therefore, a key focus of Evonik�s research and development 
projects.

Typical intermediates include those produced in highly exothermic 
reactions which suffer from limited heat and mass transfer 
capabilities. Present reactor technologies are, therefore, complex 
and unique for each product and plant and mainly economic only 
in world scale capacities i.e. > 100.000 t/a.

The F‡ Factory approach will help Evonik become more �exible 
in production capacities, the use of different feed qualities and 
faster scale-up procedures to reduce time-to-market. Depending 
on the respective reactions investigated, step changes in 
production are expected e.g. increased production effectiveness, 
energy savings and lower investment costs (amongst others).

Developing �exible, continuous, modular  
production technology
The challenging goals of the F‡ Factory project can only be 
reached through innovative process intensi�cation technologies. 
For the Evonik project, two different technologies were 
investigated:

1. structured catalyst packing 
2. jet-loop reactor with integrated �cold� membrane separation.

 
Both technologies focused on the intensi�cation of mass and 
heat transfer as well as simpli�cation of the respective chemical 
reactor design.

The �rst reactor technology required new catalyst structures which 
could be implemented as �plug-in� technology in existing plants. 
In the near future these could also be used in modularized new 
reactor concepts.

Simpler reactor construction will reduce investment and enable 
greater standardization of reactor technology. Parallelization of 
this technique also offers high potential for more �exibility in 
production capacity to support future market growth.

 
The second reactor technology is designed for highly exothermic 
liquid-gas reactions. Innovation in catalyst development makes 
an improved reactor design/concept in terms of heat management 
and mixing necessary.   

For the F3 Factory modular approach, a parallelized jet-loop setup 
was envisioned, which combines high mass transfer performance 
and ef�cient heat management through the jet-loop principle 
with an integrated membrane separation for catalyst retention. 
The basic setup is shown in Figure 2.

Evonik Industries AG has focused on demonstration of the �exible, continuous production concept for intermediate 
chemicals. Working with academic partners � TU Dortmund, TU Eindhoven and Newcastle University - the project 
has looked at the development and validation of a generic methodology for modularised production plants of 
medium scale e.g. for fence-to-fence applications in emerging markets.

Fig. 1: Structured catalytic packing for tubular reactors

Fig. 2: Basic set-up of used jet-loop reactor with integrated 
membrane separation
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The F3 Factory concept
Chemical intermediates produced in high volumes (hundreds of thousands to several million tonnes per year) are traditionally 
manufactured in large, dedicated, continuous world-scale plants. These high volume, highly optimised plants bene�t from economy of 
scale, e.g. capital expenditure per unit of product, ef�cient use of raw materials and energy integration. However, they require large 
upfront investment and signi�cant development time and effort to build. They also lack �exibility in terms of quick adaptation to 
changing market conditions and the introduction of new or more ef�cient technologies.

The F3 Factory concept for decentralised, modular, continuous, medium scale plants is therefore focused on the development of 
smaller and more �exible production units that can be located closer to raw material suppliers or downstream users.

The state-of-the-art process for acrylic acid and its derivatives production starts with fossil-based propylene. The Arkema case study 
sought to develop a new greener and more cost effective production process that starts from bio-sourced glycerol - a widely available 
green by-product of oleochemistry and biodiesel production.

Arkema has sought to demonstrate both the technical and economic viability for producing high volume 
intermediate chemicals in modular, medium scale plants. Working in collaboration with the Process Design Centre, 
Ehrfeld, Coatex and three academic partners, CNRS Nancy, TU Dortmund and the Institute of Catalysis & Surface 
Chemistry PA, Poland, this case study is exempli�ed by the production process of acrylic acid and its derivatives 
from biomass-based glycerol.

State of the art world-scale plant

F3 Factory decentralized medium-scale plant

To compete with state-of-the-art world-scale processes, the new F3 Factory process needed a re�ned optimisation to discover the most 
economic alternatives. PDC (Process Design Center) developed a methodology for the design of optimised, complex, medium scale 
plants by adapting conceptual process designs to �t with the new F3 Factory concept. This systematic approach is an iterative �whole 
process design� which comprises:

1. black-box modelling to establish an initial idea of the process steps

2. selection of possible function or tasks

3. selection of unit operations capable of providing the required performances (within the F3 Factory approach, unit operations that are 
more compact or easy to number up, are preferred)

4. integration in a detailed �ow-sheet and mass balance

F3 Factory methodology for medium scale plants
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Demonstration in a modular, �exible production environment
As the �rst industrial case study to be demonstrated in the INVITE backbone facility, the Bayer project has led the way in establishing 
standards for process equipment assemblies (PEAs), the Process Equipment Container (PEC) and its integration with the backbone 
infrastructure services at INVITE.

Bayer’s Process Equipment Container Unit installed at INVITE

In order to achieve maximum �exibility, the standardised and scalable equipment used for the development and production phases, has 
enabled a fast and robust transfer from research to production - according to the development timeline - with minimal effort.

Modular PECs will provide the respective production capacity along the full product life-cylce. In addition, standardised chemical 
and physical processing PEA units will allow for faster implementation of these new manufacturing strategies in the highly regulated 
environment of pharmaceutical production.

In the latter stages of the project, Bayer has successfully demonstrated synthesis steps 1 and 2 in the Process Equipment Container at 
the INVITE backbone facility. 

The technological and economic bene�ts demonstrated through this case study, provide a platform for the introduction of new 
technologies, production concepts and process equipment solutions for the European pharmaceutical manufacturing sector. And, in 
spin-off bene�ts, it will also progressively enable the F3 Factory partners to secure faster development, design and engineering of future 
processes.
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