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Biochemical Engineering

Industrial biotechnology

Prof. Dr.-Ing.  
Dirk Weuster-Botz

Bioreactors
The effective generation of process 
information represents a major bottleneck 
in microbial production process develop- 
ment and optimization. An approach to 
overcome the necessity of a large number 
of time- and labor-consuming experiments 

in lab-scale bioreactors is miniaturization 
and parallelization of stirred-tank reactors 
along with automation and digitalization.

Highlight
Continuous operation of the bioreactor 
unit with 48 parallel single-use stirred-tank 
bioreactors developed at the Institute of 
Biochemical Engineering enables the fast 
identification of microbial reaction kinetics 
within one set of parallel experiments.

Projects
n	 Production of halophilic enzymes 

using Haloferax volcanii in stirred-tank 
bioreactors

n	 Continuous fermentations in miniatur-
ized stirred-tank bioreactors

n	 Multi-parameter analytics in parallel 
bioreactors

n Industrial biotechnology (‘white biotechnology’) makes use of microor-
ganisms or enzymes for the industrial production of chemicals like special 
and fine chemicals, building blocks for agricultural or pharmaceutical 
products, additives for manufacturing as well as bulk chemicals and fuels. 
Renewable resources and CO2 are the favored raw materials for industrial 
biotechnology. The Institute of Biochemical Engineering is dealing with all 
aspects of the technical use of biochemical reactions for industrial bio-
technology. The research focus is on bioreactors and biocatalysis, as well 
as on (gas-)fermentation and isolation of bioproducts.

www.biovt.mw.tum.de/
bioverfahrenstechnik
d.weuster-botz@lrz.tum.de
Phone +49.89.289.15712

Contact

The new pilotscale photobioreactors of the Institute of Biochemical Engineering are operated in the TUM-Algae-
Tech-Center at the Ludwig-Bölkow Campus in Ottobrunn using CO2 as the carbon source (copyright: TUM)

Continuous operation of a bioreactor unit with  
48 parallel single-use stirred-tank bioreactors on  
a milliliter-scale (copyright: Schmideder, TUM)



318    Biochemical Engineering

Biocatalysis

Great demands are placed on the optical 
purity of building-blocks for the produc-
tion of pharmaceuticals. Due to the high 
natural selectivity of biocatalysts, bioca-
talysis appears to be a favorable method 
for the purpose of chiral syntheses. Major 
research interests are the development of 
new reaction engineering methods and 
devices to intensify whole cell biotransfor- 
mations of hydrophobic, unstable and/or 
toxic substrates up to the technical scale.

Highlight
A scalable process was designed for 
the mass production of polymeric 
nano-compartments and the formation 
mechanisms were elaborated. Various 
different enzymes were encapsulated 
within these nano-compartments, their 
membranes were functionalized by 
selective transport proteins and enzymes 
were immobilized on their surface result-
ing in ‘enzyme-membrane reactors’ on a 
nano-scale.

Projects
n	 Polymeric nano-compartments for 

biocatalytic applications
n	 Membrane functionalization of nano

scale enzyme membrane reactors
n	 Surface functionalization of nano-scale 

enzyme membrane reactors
n	 Cellular envelopes for multi-enzyme 

synthesis
n	 Production of N-acetylneuraminic acid 

using epimerases from cyanobacteria
n	 Asymmetric syntheses with optimized 

ene-reductases

Scheme of the formation mechanism of polymeric 
nano-compartments in stirred-tank bioreactors 
and transmission electron microscopy (TEM) of the 
produced polymeric nano-compartments (copyright: 
Poschenrieder, TUM)

Fermentation

Making use of microorganisms for the 
production of chemicals from renewable 
resources is the core of industrial biotech- 
nology. Reaction engineering analyses of 
metabolically optimized producer strains 
and metabolic analyses of microorganisms 
in production processes are necessary for 
efficient bio-production on an industrial 
scale.

Highlight
Efficient production of microbial oils from 
diluted sugar mixtures usually derived 
from hydrolysis of (plant) biomass was 
enabled by application of a two-phase 
membrane bioreactor process with total 
cell retention. Microbial oils were pro-
duced with yeasts which accumulated up 
to 80% (w/w) lipid bodies inside the cells.

Projects
n	 Reaction engineering analysis of single 

stranded DNA production with bacteri-
ophage M13

n	 Anodic respiration by Pseudomonas 
putida in stirred-tank bio-reactors 

n	 Lipid production from diluted sugar 
mixtures with Trichosporon oleaginosus 

n	 Metabolic analyses of recombinant 
microorganisms from production 
processes

n	 Production of single-stranded DNA with 
Escherichia coli

n	 Production of terpenoid glycosides by
	 recombinant Escherichia coli 
n	 Reaction engineering analysis of 

recombinant Gluconobacter oxydans

Pilot-scale membrane bioreactor 
fermentations for the production 
of microbial oils were performed 
at the TUM Research Center 
for Industrial Biotechnology 
(copyright: Sun, TUM)
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Gas Fermentation

Special microorganisms are able to 
produce chemicals with carbon dioxide 
as sole carbon source. Energy may be 
supplied from sunlight or hydrogen gas. 
Bioprocess engineering is the key to 
make use of these energy sources for the 
microbial production of chemicals from 
carbon dioxide on an industrial scale.

Highlight
A standardized anaerobic batch process 
in continuously gassed stirred-tank 
bioreactors was designed and approved 
to characterize and compare the process 
performances of new syngas (CO2, H2, 
CO) converting microorganisms. 
Sporumosa ovata was revealed as 
particularly suitable for industrial applica-
tions. In appropriate reaction conditions 
for example, the autotrophic production 
of ethanol with Sporomusa ovata could be 
increased by two orders of magnitude.

Projects
n	 Modeling of microalgae cultivation in 

open photobioreactors
n	 Characterization of new microalgae for 

open photobioreactors
n	 Mass production of microalgae in open 

photobioreactors

n	 Production of anti-oxidants with 
microalgae

n	 Light-dependent growth kinetics 
of Scenedesmus spec. in flat-plate 
photobioreactors

n	 Comparative analysis of acetogenic 
bacteria for gas fermentation

n	 Gas fermentation with Clostridium 
carboxidivorans

n	 Gas fermentation with Clostridium 
aceticum

n	 Multi-purpose reactor for gas fermenta-
tions

Comparison of the process 
performances of new syngas 
converting microorganisms at 
standardized reaction conditions 
in continuously gassed stirred-
tank bioreactors (photo: Tobias 
Hase)

Bioprocess Integration

In many cases, downstream processing 
is by far the most cost-intensive step 
of a bioprocess. Often, multiple-step 
bioseparations are required yielding rather 
low product yields. Therefore, existing bio- 
separation processes should be improved 
and combined to reduce the number of 
process steps. The focus is on bioprocess 
integration of fermentation/biocatalysis 
and downstream processing.

Highlight
A three-dimensional deterministic model 
applying computational fluid dynamics 
(CFD) coupled with the discrete element 
method (DEM) was developed and 

validated to simulate chromatographic 
column packing behavior during either 
flow or mechanical compression.

Projects
n	 Non-stationary hydrodynamics of 

chromatography columns
n	 Novel methods for packing of prepara-

tive chromatography columns
n	 Preparative purification of proteins via
	 extraction 
n	 Engineering of proteins for the control 

of crystallization processes 
n	 Modeling and molecular dynamics 

simulation of protein crystals 

Simulation of chromatographic 
column packing behavior (copy-
right: Dorn, TUM)
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Research Focus
n	 Micro-bioprocess engineering/ 

bioreactors
n	 Biocatalysis
n	 Fermentation
n	 Gas fermentation
n	 Bioprocess integration

Competence
n	 Design and automation of bioreactor 

systems
n	 Bioprocess development and optimiza

tion
n	 Metabolic analysis of microbial reac

tions in bioreactors
n	 Metabolomics
n	 Downstream processing

Infrastructure
n	 Stirred-tank bioreactor systems up to a 

100 l scale
n	 Flat-panel photobioreactor systems 

with high-power LEDs
n	 Parallel bioreactor systems automated 

with lab robots
n	 Anaerobic work benches/sterile laminar 

flow work benches
n	 Syngas labs (CO2, CO, H2)
n	 Phage lab
n	 Cooled lab (4° C)
n	 Electronic/mechanical workshop
n	 Analytical lab (LC-MS, flow cytometry, 

GC, LC, etc.)

Courses
n	 Biochemical Engineering Fundamentals
n	 Biochemical Engineering
n	 Bioprocesses
n	 Bioprocesses and Bioproduction
n	 Industrial Bioprocesses
n	 Bioreactors/Bioreaction Engineering
n	 Environmental and Biochemical Engi-

neering
n	 Separation of Macromolecular Bio- 

products
n	 Practical Training on Biochemical 

Engineering
n	 Practical Training on Bioprocess 

Engineering
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