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GREETINGS
On behalf of the AVT professors and staff, it is my great pleasure to send you ( somewhat belated ) season’s greetings and wish you a healthy, joyous and successful 2015.
2014 has been a very active year at AVT. The number of students and staff at AVT continues
to grow, as does its productivity. Many students and researchers have completed their
involvement and have moved into careers in industry or academia. We are proud of them
and look forward to their future success! We are also glad that some of our alumni have
decided to stay with us, taking on new responsibilities, such as researcher positions and
group leadership. As usual, AVT members also had our fair share of success, including
individual ones ( e.g., Friedrich - Wilhelm-Preis, VAA-Stiftungspreis, Namur-Award, and
various conference and journal awards ) as well as collective ones, such as the nearly perfect
performance of the HydRotor-Team at the ProcessNet Annual Meeting. We are also
excited to have two new professors with us!
Perhaps the most important event occurred on 04.04.2014 when the ground-breaking
ceremony for our Next Generation Processes and Products ( NGP² ) was celebrated
alongside the Minister of Economic Affairs, Energy and Industry of the State North RhineWestphalia Garrelt Duin, the RWTH-Rector Prof. Ernst Schmachtenberg, and the BLB-CEO
(at the time) Rolf Krähmer. We are happy to see the rapid progress of the construction,
and anxiously await its completion: our fingers are permanently crossed in the hope to soon
bear the fruit of the successful 91b proposal.

A.Mitsos

Prof. Alexander Mitsos, Ph.D.
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CHANGES

WITHINTHEPROFESSIONALSTAFF

CHANGES
CHANGES WITHIN AVT PROFESSORIUM
Prof. A. Mitsos

2014

was another year of changes in the AVT

Prof. Michael Modigell (AVT.MVT) officially became

the chair of Fluid Process Engineering (AVT.FVT) and

Professorium. Shortly after 2014 began, Prof. Wolfgang

a professor emeritus at the end of SS 2014; luckily

the successor to Prof. Andreas Pfennig (AVT.TVT).

Marquardt (AVT.PT) decided to take a long-term leave of

for AVT, he continues to actively supervise his

Furthermore, in November Prof. Dietrich Kohlheyer,

absence from RWTH to become the Chairman of the

doctoral students and research projects while we

a Helmholtz Young Investigator in FZJ, became an

Forschungszentrum Jülich ( FZJ ). Since July, the research

look for his successor. In addition to his activities

associated junior professor at AVT. We are all delight-

and teaching activities of AVT.PT have been incorporated by

at AVT, Prof. Modigell continues to be the Rector

ed to have our new professors with us, and look

AVT.SVT. The unexpected leave of Prof. Marquardt is a

of GUTech in Oman.

forward to a fruitful collaboration with them.

major loss to AVT, but a huge gain for the FZJ and the
Jülich-Aachen Research Alliance (JARA).

2014 also featured several new arrivals. In
September, Prof. Andreas Jupke joined AVT as

Finally, Prof. Alexander Mitsos has taken over the
speakership of AVT from Prof. Matthias Wessling.
Much progress occurred during Prof. Wessling‘s
tenure, but much more remains to be done in the
coming years as well.

Prof. Andreas Jupke

Prof. Dietrich Kohlheyer

Prof. Wolgang Maquardt's warm welcome at FZJ.
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PROLONGATION & RESULTS
TAILOR-MADE FUELS FROM BIOMASS
D. Kreyenschulte

The aim of the cluster of excellence “Tailor-Made Fuels
from Biomass” (TMFB) at RWTH Aachen University is to
investigate and develop new fuel candidates, which
enhance both sustainable and economical production
processes. TMFB therein seeks to establish valueadded processes to convert biomass selectively into
valuable products. In particular, the production of new
fuels or fuel components is targeted. Fuels are one
outstanding application segment for biomass. However,
they impose challenging requirements upon the process developement. Within the cluster, an interdisciplinary team of researchers meet those challenges.
The team consists of experts from biology, chemistry
and engineering sciences.

Fig. 1: Schematic representation of a process chain for the conversion of lignocellulosic biomass to fuels.

(ITMC) and enzymatic hydrolysis (AVT.EPT) to yield

as crystallization (AVT.FVT). An overall process

fermentable sugars. Here it can be shown that the

evaluation and optimization is performed by the

framework for interdisciplinary research. For the AVT as

applied pretreatment processes significantly increase

Ökoinstitut e.V. as well as the AVT.SVT to identify

a whole, the integration of process steps and the

sugar yield from hydrolysis. Conversion of sugars to

remaining bottlenecks and to compare the investigat-

eventual realization and optimization of a complete

itaconic acid was achieved with different microorgan-

ed process to already established benchmarks.

process chain from biomass to platform chemicals are

isms and could be improved via the integration of

under investigation. The process for the conversion of

different in situ product removal strategies (AVT.BioVT,

modular, pilot scale biorefinery, process integration

biomass to the platform chemical itaconic acid starts

AVT.CVT & AVT.FVT). Preceding the fuel synthesis, a

and interdisciplinary research in the TMFB will be

with the mechanical pretreatment of, for example,

further downstream processing of the organic acid is

emphasized even further. This will help getting closer

beech wood in a screw press (AVT.MVT). The pretrea-

required. Such can be achieved employing advanced

to make the vision of TMFB a deed.

ted material is then subjected to chemical fractionation

membrane separation processes (AVT.CVT) as well

In the cluster of excellence AVT provides an ideal

With the new NGP² building incorporating a
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SFBMICROGELS
SFB 985: FUNCTIONAL MICROGELS AND MICROGEL SYSTEMS
F. Roghmans, H. Breisig, P. Buzatu, J. Hospital, J. Meyer Kirschner, F. Janssen, D. Maldonado-Parra

Within the Collaborative Research Centre 985 ( SFB

cope with this wide range of research fields, this SFB

separation and purification of microgels. Particular

985 ), we focus on microgels as a group of highly func-

is structured into several projects involving four AVT

emphasis is on hydrodynamic conditions, membrane

tional macromolecules that combine openness with

chairs. Within these collaborating research groups AVT.

porosity and colloidal interactions. Relying on recent

interactive responsiveness and thereby form a synthetic

CVT, AVT.EPT and AVT.SVT are able to contribute

AVT.CVT and DWI collaboration, the visualization of

base for novel systems with new functionalities.

with their different expertise.

fouling layers and flow field distribution will be per-

Microgels are promising candidates to add advanced

formed using NMR imaging. Furthermore mem-

functionality to material systems in many different

AVT.CVT

application areas. Examples include sensors and

The AVT.CVT is involved in three projects (B5, B6

is employed to minimize the adsorption of microgels

actuators, the functionalization of surfaces or volumes,

and C4) within the SFB 985.

on the membrane.

the controlled uptake and release of active ingredient,

In collaboration with the DWI- Leipnitz-Institut für

brane modification via the Layer-by-Layer technique

Within the third AVT.CVT project C4, in collabora-

and the functionalization as nano-reactors or catalysts.

Interactive Materialien, the AVT.CVT works within

tion with the DWI, novel polyelectrolyte-microgel mem-

The synthesis of functional microgels for targeted

the project B5 in the design of porous micro  - and

branes are being developed, having their separation

applications poses a challenge for the upscaling design

mesofluidic devices for continuous production of

layers formed from patterned microgels ( Figure 1). This

of the reaction and separation units.

microgels. So far, a continuous production of mono-

offers new possibilities to understand the molecular

SFB 985 unites research groups from polymer

disperse droplets has been achieved in 13 µm porous

separation phenomena as a function of the nanoscale

science, chemical engineering and life science disci-

channels. The resulting droplets will be used as tem-

chemical interactions and well-defined mesoscale

plines that usually operate separately. This combination

plates for the synthesis of microgels with different

polyelectrolyte domain patterns. The successful coating

enables us to address microgel research in a compre-

shapes and compositions. Future work aims at the

of confluent microgel monolayers and the printing of

hensive approach. Starting on the level of individual

parallelization of these channels to reach significant

microgel micropatterns on Ion Exchange Membranes

particles, the research is continued by investigation of

production rates in a single device.

show an optimization of the performance of electrodial-

technical-scale production processes and product

The various separation and processing steps

ysis. Experiments demonstrate that confluent monolay-

formulations, leading finally to new applications. This

necessary for the production of microgel are in the

er coatings enhance the selectivity of the membranes

means that the microgels are studied within the context

focus of project B6. Within B6, AVT.CVT investigates

whereas printings of micropatterned microgels result in

of a complex interactive system. In order to efficiently

membrane filtration processes for the concentration,

higher fluxes. For bipolar membranes, results indicate
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that applying highly charged nanogels to modify

biocatalyst. To obtain optimal mass transfer be-

the interface layer of these membranes catalyzes water

tween the two phases an emulsion is stabilized by

splitting, leaving room for further optimization. This

P( NiPAM )-based-microgels. The Richtering group

might be done in terms of particle size, charge density

( Physical Chemistry II ) creates a microgel tool box

and distribution.

which helps obtaining long term stabilized emulsions

30 °C, pH 7.5
organic
phase:
substrate

( Figure 2 ). In order to understand how microgels affect
emulsification and reaction processing, the synthesized microgels and the interaction with enzyme are

organic
phase:
substrate
product

∆T
phase
separation

mixing

collapsed
microgel

aqueous
phase:
enzyme
microgel

characterized using both physico-chemical and reaction engineering methods.

aqueous
phase:
enzyme

The concentration progress is quantified experimentally using robust indirect hard modeling ( IHM ) methodology. On the basis of continuously recorded midinfrared spectra, the enzymatic conversion can be

Fig. 2: Emulsified reaction system for improved mass transfer
and controlled stabilization and breaking of emulsions by stimuli
responsive microgels.

observed more precisely, which will help in optimizing

AVT. EPT
Project C1 explores the application of responsive
microgels as emulsifiers for biphasic enzyme catalyzed
reaction systems.
Biocatalysis in two-phase systems composed of an
organic and an aqueous phase enables high reagent
concentrations and reduced product inhibition of the

the process parameters. The reaction monitoring

30

in a biphasic system with DiPE as continuous phase via

25

ATR-MIR is presented in Figure 3 . In contrast to
chromatographic methods like GC or HPLC, infrared
spectroscopy can be performed in situ, thus being
much less elaborate and time-consuming.

Absorbance [a.u.]

Fig. 1: Polyelectrolyte-microgel membranes with monolayer
microgel separation layer.
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Fig. 3: Reaction monitoring in biphasic system with DiPE as
continuous phase.
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AVT. SVT
The Chair of Process Systems Engineering (SVT) contri-

Within the project G2, the focus is on in-line

butes to two further projects to the activities of AVT within measurements of microgel polymerization
the SFB 985. Both projects aim at the understanding

processes, in collaboration with the chair

of formation mechanisms and industrial production of

for laser technology ( LLT ). An economically

microgels (  Figure 4  ).

viable production process requires the

Project B4, a collaboration with DWI, examines the

identification of monomer and polymer

kinetic mechanisms during microgel formation by precipi-

concentration and simultaneous determi-

tation polymerization of N-isopropylacrylamide ( NIPAAm  )

nation of particle concentration and particle

and N-vinylcaprolactam (VCL) in aqueous phase. In the

size information. For this purpose,

course of exploration of the microgel synthesis, a mathe-

Raman-spectroscopy is combined with

matical model covering formation mechanisms that in-

light-scattering (DLS) techniques and applied

clude growth of polymer chains, formation of gel particle

to VCL and NIPAAm-based microgel polym-

nuclei and gel particle growth was developed. The model

erizations at different reaction conditions.

embraces formation mechanisms on different length

Processing of spectra using indirect hard

and time scales: precipitation polymerization reactions

modeling (IHM), a nonlinear multivariate

are modeled in the aqueous phase, while particle growth

method for quantitative determination of

is modeled for an individual particle. The mathematical

molecular structures, reveals the tempera-

model is consolidated with experimental measurements

ture dependent monomer conversion and

from DWI and from project G2 by an extension of the

permits a quantitative determination of the

Model-based Experimental Analysis ( MEXA ) methodol-

polymer fraction. In combination with a

ogy. For a reliable and quantitative description of the

tailored probe-head for in-line DLS measurements, this

investigated polymerization process, the focus of current

provides first quantitative insights into the polymerization

research is on parameter estimation and identifiability.

of microgels.

Fig. 4: Reaction monitoring in biphasic system with DiPE as
continuous phase.
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BIOCHEMICALENGINEERING
QUASI - CONTINUOUS REVERSE - FLOW DIAFILTRATION
K. Meier

In biotechnological production processes, effective

substrate feeding is alternated over the same sub-

feeding. As a consequence, the oxygen demand of

and efficient product separation of the fermenta-

merged membrane. Thus, the potential formation of

the culture fluctuates with the pulsed feeding se-

tion broth is crucial. An economically and technically

fouling layer is reduced and cells are retained gently

quence. This requires a higher average of dissolved

interesting option is the integration of the first

in the bioreactor. To prevent dilution of the product

oxygen tension in the bioreactor and, therefore, a

separation step (biomass from supernatant) into the

solution by the culture medium, two additional steps

higher power input to guarantee a sufficient oxygen

fermentation. This is called in situ product recovery.

are integrated in the RFD process: emptying and

supply during the feeding. step. So, to solve the

Reverse-flow diafiltration (RFD) is a membrane based

flushing. In Figure 1, the liquid flow over time is shown

problem, RFD equipped with three membranes oper-

in-situ product recovery process established at the

for a typical cycle of RFD.

ating in a time-shifted sequence ( Figure 2 ). By apply-

chairs of biochemical engineering and chemical

Alternation of feeding and product recovery implies

process engineering. In RFD, product recovery and

a pulsed feeding instead of conventional continuous

Fig. 1: Sequence of a conventional reverse-flow diafiltration ( RFD )
with one membrane shown as liquid flow through the reactor.

Fig. 2: Operation scheme of a quasi-continuous reverse-flow
diafiltration with three sequentially operating membranes.

ing this quasi-continuous RFD, a continuous feeding is
achieved and the power input can be reduced.
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BIOCHEMICALENGINEERING
PHENOTYPING THE QUALITY OF COMPLEX MEDIUM COMPONENTS BY
SIMPLE ONLINE-MONITORED SHAKE FLASK EXPERIMENTS
S. Diederichs

Complex media containing yeast extracts are widely

was used to evaluate the impact of different yeast

product quantity if the quality of the raw material for

used for the cultivation of microorganisms. However,

extracts on metabolic activity and product yield of a

medium preparation is not thoroughly checked.

the specific nutrient composition of yeast extracts may

recombinant Escherichia coli.

The RAMOS technique enabled a reliable pheno-

The comparison of E. coli cultivations under induced

typing of yeast extract lots by online measurement of

production and due to different production methods.

conditions exhibited tremendous differences in Oxygen

the respiration activity. Hence, the quality of different

These lot-to-lot variations can affect growth rate,

Transfer Rate profiles for all investigated yeast extract

yeast extract lots can efficiently be assessed if the

product yield and product quality in laboratory investi-

lots of different suppliers (Figure 2A) as well as lots of

distinct effects on culture behavior and final product

gations and biopharmaceutical production processes.

the same supplier ( Figure 2B ). In addition, the volumet-

quality and quantity are visualized.

In the FDA’s Process Analytical Technology (PAT)

ric activities of 3-hydroxybutyryl-CoA dehydrogenase

initiative, the control and assessment of the quality of

from Thermus thermophilus differed by a factor of three

critical raw materials is one key aspect to maintain

depending on the yeast extract lot used ( Figure 2C ).

product quality and consistency. Therefore, the Respi-

These results prove that cultivations grown in complex

ration Activity Monitoring System ( RAMOS, Figure 1)

media are prone to significant variation of the final

vary, due to differences in the raw material used for its

Fig. 1: RAMOS device | Picture: Volker Stevens.

References:
S. Diederichs, A. Korona, A. Staaden, W. Kroutil, K. Honda, H. Ohtake,
J. Büchs, Phenotyping the quality of complex medium components by
simple online-monitored shake flask experiments, Microb Cell Fact 2014,
13:149.

Fig. 2: Cultivation of recombinant E. coli in
complex medium with different yeast extracts
under inducing conditions. (A) Oxygen transfer
rate (OTR) during production of 3-hydroxybutyryl-CoA dehydrogenase (HBD) of Thermus
thermophilus in complex medium supplemented
with yeast extract of different suppliers. (B) OTR
during HBD expression in complex medium
supplemented with yeast extract lots of one
supplier. (C) Volumetric activity of produced
HBD in complex medium supplemented
with different yeast extracts.
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BIOCHEMICALENGINEERING
LIGHT-INDUCED PROTEIN PRODUCTION
G. Wandrey

A major goal in industrial fermentation processes is to

methods include changes in temperature and the addition

cage and added at the beginning of the fermentation

maximize the product yield from available substrates.

of either a chemical inducer or a pH-shifting acid or base.

without affecting the initially desired microbial growth.

This requires the minimization of side-product formation.
Usually the microorganism performing the substrate

However, the addition of compounds causes the
dilution of the fermentation broth. Beyond that, the neces-

Once sufficient biomass has accumulated the culture is
illuminated with strong light to destroy the photo-cage.

conversion is an undesired side-product itself and has to sary penetration of the sterile barrier increases the risk of

The chemical inducer is thus released and switches the

be separated from the product once the fermentation is

a contamination of the ongoing fermentation with an

microorganisms into production mode.

finished. Therefore, while some initial growth of the

undesired organism.

microorganism is intended to enable reasonably fast

In cooperation with the Institute of Bioorganic Chem-

To characterize the light-induced product formation
a device was constructed to individually illuminate up

substrate conversion, microbial growth has to be re-

istry and the Institute of Molecular Enzyme Technology

to 48 different cultures in a single well plate. Microbial

duced in favor of product formation in the second part

(Heinrich-Heine-University Düsseldorf), a new method is

growth and product formation are analyzed by means

of the fermentation.

developed at the Chair of Biochemical Engineering that

of non-invasive online fluorescence spectroscopy

makes use of strong light as a clean tool for induction.

applying the well-established BioLector® technology.

A chemical inducer is inactivated with a so-called photo-

Employing these tools, the optical induction parameters

A switch from growth to production mode, i.e. induction, can be achieved by different means. Common

are optimized to yield
maximal amounts of
product.

Fig. 1: Light-induced protein production with a photocaged inducer.

Fig. 2: View from below on a
48-well plate fixed to a shaker
tray with eight wells illuminated
from above. The optical fiber of
the fluorescence spectrometer
sequentially detects signals
from each individual well by
automatic positioning with a
robotic arm.
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COMPUTATIONALSYSTEMSBIOTECHNOLOGY
MINI PILOT PLANT FOR FAST AND RELIABLE UPSTREAM DEVELOPMENT
S. Noack

For industrial biotechnology it is rather important to select

Using the MPP we evaluated a library of genome-

with significantly increased L-lysine titers and we

the most promising production hosts and medium compo-

reduced L-lysine producing Corynebacterium

were able to characterize the new constructed strains

sitions in early stages of upstream development. The oppos- glutamicum strains as well as a set of recently con-

for efficient D-xylose utilization within a small number

ing demands of detailed process insight with extended

structed D-xylose utilizing strains. Concentrations of

of experiments. These results show the great benefit of

flow rate can generally not be met by classical cultivation

D-glucose, D-xylose and L-lysine in cultivation samples

our MPP for fast online and at-line characterization

systems. Today, this gap is bridged by high quality micro

were automatically measured by enzymatic or bio-

of industrial relevant strains.

titer plate cultivation devices, enabling the non-invasive

chemical means. As a result we found novel strains

monitoring of pH, pO2 and biomass while providing
sufficient oxygen transfer. However, these devices still
depend gradually on manual work to inoculate, sample or
induce cultivations, which limits the overall speed and
throughput of upstream development.

References:
S. Unthan, A. Radek, W. Wiechert, M. Oldiges, S. Noack, Bioprocess
Automation on a Mini Pilot Plant enables Fast Quantitative Microbial
Phenotyping, Microb Cell Fact (submitted), 2014.

To address this issue we constructed a mini pilot plant
(MPP), by embedding a BioLector® in a robotic environment
to automate complete workflows for upstream development

S. Unthan, M. Baumgart, A. Radek, M. Herbst, D. Siebert, N. Brühl,
A. Bartsch, M. Bott, W. Wiechert, K. Marin, S. Hans, R. Krämer,
G. Seibold, J. Frunzke, J. Kalinowski, C. Rückert, V. W. Wendisch,
S. Noack, Top-Down Towards a Chassis Organism – Identification
and Deletion of Irrelevant Gene Clusters from Corynebacterium
glutamicum, J. Biotechnol, 2014, DOI: 10.1002/biot.201400041.

( Figure 1 ). The connected liquid handling platform enables
triggered addition of substances (i.e. inductors, precursors
or fed substances) to individual cultivation experiments.
Moreover, different growth media are prepared and inoculated in a sterile environment established by laminar flow.
To gain a deeper process understanding, cultivation
samples are harvested and centrifuged automatically to
provide supernatants for subsequent quantitative analysis
with various fully automated assays at MTP scale.

Fig. 1: Mini Pilot Plant. The liquid handling station JANUS ( Perkin
Elmer ) is connected to a microtiter plate cultivation system BioLector ( m2p-labs ), a cell separation MTP – centrifuge IXION ( Sias AG )
and an EnSpire multimode plate reader ( Perkin Elmer ). The whole
system is housed in a laminar airflow for sterile environment.

A. Radek, K. Krumbach, J. Gätgens, V. Wendisch, W. Wiechert,
M. Bott, S. Noack, J. Marienhagen, Engineering of Corynebacterium
glutamicum for minimized carbon loss during utilization of d-xylose
containing substrates, J. Biotechnol, 2014, DOI: 10.1016/j.jbiotec.2014.09.026.
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COMPUTATIONALSYSTEMSBIOTECHNOLOGY
VISUAL WORKFLOWS FOR ¹³C - METABOLIC
FLUX ANALYSIS
K. Nöh

¹³C-metabolic flux analysis (MFA) deals with system-

of our high-performance ¹³C-MFA simulator 13CFLUX2

cal suite is a productivity enhancing tool and an original

wide quantification of metabolic reaction rates inside

being deployed as web services can be conveniently

educational training instrument supporting the adoption

living cells. Therewith, ¹³C-MFA may provide a direct

composed in a visual workflow editor. The built workflow

of ¹³C-MFA applications in all life science fields.

measure of the metabolic phenotype. Metabolic fluxes

is then distributed to a dedicated compute resource

are calculated from measured stable isotope labeling

online ( Figure 1 b). The new ‘look-and-feel’ enables

enrichments using high-dimensional nonlinear mathe-

experimentalists who are not familiar with using tools that

matical models. The methodology of ¹³C-MFA requires

involve programming to immediately apply the complex

three ingredients: (1) carbon labeling experiments,

¹³C-MFA computational machinery. With that, the graphi-

References:
K. Nöh, P. Droste, W. Wiechert, Visual workflows for ¹³C-metabolic flux analysis, Bioinformatics, 2014, DOI:10.1093/bioinformatics/
btu585.

(2) quantitative metabolomics and (3 ) computational
design and evaluation of the labeling experiments
( e.g. sensitivity analysis, flux fitting, statistical analysis ). ¹³C-MFA workflows may provide several software
programs, involve on-demand decisions of the scientist
and require the integration with of heterogeneous
pieces of information, e.g. carbon atom mappings
between reactants for each single reaction in the
network model ( Figure 1 a ).
We have developed a visual tool suite providing
scientists with an integrated software framework for all
aspects of ¹³C-MFA. To this end, almost 30 plug-ins
have been implemented for the visualization software
Omix® ( www.omix-visualization.com ). These support
the scientist with major domain-specific modeling and
proofreading means. For instance, software modules

Fig. 1a+b: Graphical specification of the carbon atom mappings of fructose-bisphosphate aldolase (left). Workflow editor showing a
typical 13C-MFA workflow (right).
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CHEMICALPROCESSENGINEERING
DYNAMIC PROCESS SIMULATION AND PROCESS
CONTROL OF BIOGAS PERMEATION PROCESSES
M. Scholz, M. Alders, J. Lölsberg, Prof. M. Wessling

Conventional biogas upgrading techniques require

feed gas conditions demand dynamic process

Two novel process control schemes are presented

significant amounts of energy, to regenerate solvents

analysis. In this study, we present a dynamic process

which maintain the product gas purity even if signifi-

and adsorption materials or to supply low temperatures

model for membrane based biogas upgrading pro-

cant changes in the feed gas conditions are enforced.

for cryogenic distillation. Gas permeation membranes

cesses including efficient process control schemes to

These control schemes operate within short periods

are an interesting alternative to conventional gas

maintain the required product gas purity. The dynamic

and compensate changes in the feed conditions,

separation technologies. Due to their moderate energy

model of a hollow fiber gas permeation module is used

typically in less than 10 seconds. Both control systems

requirements, their simple and modular installation, gas

to analyze a three-stage membrane process for bio-

do not require any additional process equipment such

permeation membranes are most favorable applied to

gas upgrading, obtaining both high CH4 purities and

as vacuum pumps. This makes this system application

biogas upgrading in the agricultural production.

high CH4 recoveries at the same time.

attractive for numerous gas permeation processes.

Typically gas permeation processes are designed

The dynamic model was programmed with Aspen

Ultimately, the presented control concepts are

for steady state conditions, which is adequate for many

Custom Modeler and exported to Aspen Plus and

neither limited to biogas upgrading processes nor to

separation processes. In biogas upgrading, varying

Aspen Plus Dynamics for dynamic process simulation.

the presented three-stage membrane process.

Fig. 1: Dynamic feed gas conditions of biogas processes require efficient control schemes to maintain the product purity.
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CHEMICALPROCESSENGINEERING
ELECTRODIALYSIS OF ITACONIC ACID: A SHORT-CUT MODEL QUANTIFYING THE
ELECTRICAL RESISTANCE IN THE OVERLIMITING CURRENT DENSITY REGION
J. Stodollick

Itaconic acid is an intermediate chemical anticipated for the synthesis of biofuels
from cellulosic feed stock. Itaconic acid (IA) can be produced by fermentation and

0.6

continuous fermentation, whereas continuous product removal is highly desired.
Electrodialysis with bipolar membranes (EDBM) offers such and can be used
simultaneously for the pH control of the fermenter. EDBM processes for acidifica-

0.5

tion are operated at overlimiting current densities. The resistance of a diffusion
boundary layer and mass transfer of the IA through the anion exchange mem-

0.4

a short cut method is required to describe the current voltage characteristic of the
EDBM stack. In a first modeling approach, a differential resistance was assumed
to describe the current-voltage behavior of the anion exchange membrane
determining the major resistance. Experiments on a single membrane test cell
under stationary conditions were conducted to measure iV-curves for different
bulk phase compositions and IA transfer through the AEM. Both influence of

Current / [A]

brane are not yet fully understood under these conditions. To design the process,

0.3
0.2

the pH value and the ionic strength were surveyed intensely. The resistance at
overlimiting currents follows an exponential law and depends on pH and ionic
strength, only with regard to the absolute level of the current. An approximation is

0.1

presented for the current voltage characteristics above the limiting current density
based on an extended Nernst-Plank model. This model exhibits diffusion
coefficients as input parameters for the limiting current densities and a single
Schmidt Number for the overlimiting currents at any feed composition. The latter

0
0

5

10

15

Voltage Drop / [V]

20

25

acknowledges the hydrodynamic character of electroconvection as contributor
to the overlimiting transport.

Fig. 1: Mathematical correlation of the differential resistance in the overlimiting current density region.
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A MEMBRANE STIRRER FOR PRODUCT RECOVERY AND SUBSTRATE FEEDING
T. Femmer, F. Carstensen, Prof. M. Wessling

During fermentation processes, in situ product recovery

area and an anti-fouling concept housed in a compact

performance is tested using a yeast cell suspension

(ISPR) using submerged membranes allows a continuous

device due to the limited space in a lab-scale bioreactor.

with different stirring speeds and aeration fluxes. We re-

operation mode with effective product removal. Continuous

We present a new membrane stirrer with integrated

duce membrane fouling by back-flushing the product

recovery reduces product inhibition and the organisms in

filtration membranes on the impeller blades as well as an

stream through the membrane.

the reactor are not exposed to changing reaction conditions.

integrated gassing concept in an all-in-one device. The

For an effective in situ product removal, submerged mem-

stirrer is fabricated by rapid prototyping and is equipped

brane systems should have a sufficiently large membrane

with a commercial micromesh membrane. Filtration

Fig. 1: Impeller of membrane stirrer fabricated via digital light processing. Micromesh membranes are attached to each impeller blade
and screwed with a stainless steel frame onto an O-ring sealing. Each
mesh filters with a stainless of 10.5mm x 7.5mm while a 1mm outlet
aerates from the bottom of each blade.

References:
Biotechnol. Bioeng, Wiley Periodicals, Inc., 2014, 9999: 1–8.

Fig. 2: Membrane stirrer, overhead stirrer with push-through option
and the ability to change rotation direction. The red product line is decoupled by two 360rotatable swivel joints and a t-piece form the stirrer
shaft. The supply line in the inner capillary is also decoupled by a
360rotatable swivel joints at the top of the setup.
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ENZYMEPROCESSTECHNOLOGY
FUNGAL ENZYMES FOR BIOREFINERY PURPOSES
S. Roth

Today’s concepts for biorefineries aim at using complex
lignocellulosic materials as feedstocks. However, the
implementation of economically feasible biorefinery processes urgently requires the exploitation of the entire raw
material. An initial pretreatment of the biomass is necessary to disintegrate the lignocellulosic composite and
to separate the different biomass fractions for their further
processing. Whereas cellulose and hemicellulose are well
accessible by current technologies, the value-adding
Fig. 1: Enzymatic biomass pretreatment and lignin conversion as
potential fields of application for
fungal laccases in the context of
biorefinery processes (Roth et al.,
2014).

utilization of the lignin fraction is still a key challenge.
Wood-decaying organisms, especially from the fungi
kingdom, are able to degrade and utilize lignin and
thereby provoke disintegration of the biomass. Laccases
play a major role in the fungal enzyme system causing
lignin degradation and are therefore interesting enzymes

technique of cyclovoltammetry helped to investigate the

enzymatic hydrolysis (Roth, Kress & Spiess, 2014).

for biorefinery purposes. According to the natural exam-

reaction kinetics between laccase, mediator molecules

Hence, laccases are promising biocatalysts worth to be

ple, laccases are supposed to support biomass disinte-

and model substrates. Especially the influence of

considered for future biorefinery applications.

gration and to catalyze lignin depolymerisation (Figure 1).

factors closely related to the ionic liquids, like conduc-

A detailed understanding of the catalytic properties of

tivity or viscosity, could be described in detail (Harwardt

these enzymes is necessary for their integration into

et al., 2014).

biorefinery concepts and to focus our research. We could

In our studies regarding the enzymatic pretreatment

show that laccases are compatible with and even

of biomass, we demonstrated that laccases indeed

stabilized by ionic liquids commonly used for biomass

can disintegrate the lignocellulosic composite, resulting

disintegration and lignin solubilisation. The analysis

in increased sugar yields during the subsequent

References:
Harwardt, S. Liu, N. Roth, H. Schwaneberg, A. C. Spiess, N. Stripling,
Effects of ionic liquids on the reaction kinetics of a laccase-mediator
system, RSC Advances, 2014, 4(33), 17097–17104.
A. Kress, S. Roth, A. C. Spiess, Mögliche Einsatzgebiete für pilzliche
Laccasen in der Bioraffinerie, Chemie Ingenieur Technik, 2014, 86(9),
1384–1385.
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CANDIDA PARAPSILOSIS CARBONYL REDUCTASE STABILITY ANALYSIS AND STABILIZATION STRATEGY
J.-H. Grosch

The asymmetric reduction of carbonyl compounds

their costs, we performed a quantitative inactivation

inactivation. Suitable stabilization strategies were

to chiral alcohols is of particular interest in the

study of CPCR2 (Grosch et al. 2015).

derived for using CPCR2 in various reaction systems:

synthesis of pharmaceuticals. Only few alcohol

Possible inactivation mechanisms, including

Adding cofactor and/or foreign proteins as bovine

dehydrogenases like the homodimeric Candida

oxidation, shear forces, dissociation or adsorption at

serum albumin (BSA) successfully stabilizes CPCR2

parapsilosis carbonyl reductase 2 ( CPCR2 ) ( Figure

interfaces, were assessed on a microliter scale using

without genetic modifications.

1) can convert sterically demanding substrates into

kinetic assays (Figure 2). Our results demonstrate that

valuable hydroxy ketones. Unfortunately, CPCR2

dimer dissociation and interface interactions are

shows severe instability in many reaction environ-

the main reasons for inactivation of CPCR2. Kinetic

ments. Since the preparative use of biocatalysts

energy seems to enhance these inactivation pro-

strongly depends on their lifetime and therefore on

cesses, whereas oxidation plays no role in CPCR2

References:
H. Man, C. Loderer, M. B. Ansorge-Schumacher, G. Grogan,
ChemCatChem, 6 (2014), 1103-1111.
J.-H. Grosch, C. Loderer, T. Jestel, M. Ansorge-Schumacher,
A. C. Spiess, Carbonyl reductase of Candida parapsilosis – Stability
analysis and stabilization strategy, Journal of Molecular Catalysis B:
Enzymatic, 112 (2015), 45–53.

Fig. 1: Crystal structure of CPCR2 dimer of subunits A (green) and B
(brown) interacting at the β16-sheet structure [1].

Fig. 2: Overview of potential sources of
enzyme inactivation evaluated within this
study: Oxidation at the gas interface, dissociation caused by shear force, conformational
change due to interaction with the material
surface, adsorption on interfaces. Applied
reaction vessels (reaction vials and tubes) for
determination are illustrated schematically
below the respective inactivation mechanism.
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FLUIDPROCESSENGINEERING
LIQUID-LIQUID EXTRACTION DESIGN UNDER
UNCERTAINTY
B. Rüngeler

In the field of liquid-liquid extraction a variety of new

processes at an early stage of the design process.

it is possible to make sound decisions at an early stage

processes like extraction from fermentation broths,

One possibility is to define an evaluation criterion,

of the process development and allocate resources

aqueous two-phase systems or extraction with high

for example the overall process costs, which is deter-

for the process and equipment design in an efficient

viscous media will gain more interest in the near

mined for each option and explicitly considers

manner.

future. Process engineers often do not have broad

uncertainties in the design variables.

experience with these special applications of liquid-

A framework for an easy comparison of different

liquid extraction. Therefore, it is necessary to find a

liquid-liquid extraction processes is shown in Figure 1.

metric to estimate the quality of a design solution and

It ranges from various solvents to diverse equipment

to compare different possible liquid-liquid extraction

during every stage of the process development. The

References:
A. Pfennig, B. Rüngeler, Auslegung von Flüssig/FlüssigExtraktion unter Berücksichtigung von Unsicherheiten, Chemie
Ingenieur Technik, 86 (2014), 1455-1456.

overall uncertainty of the chosen
evaluation criterion is estimated
by using uncertainty propagation.
Each step of a design process
is meant to reduce uncertainty
about the final solution of
the design challenge. Hence,
the following design steps
are proposed in a way that the
new information has the highest
possible impact on deciding
whether a process option is
investigated further in the next
step or not. Within this framework
Fig. 1: Efficient resource allocation for the design of liquid-liquid extraction under uncertainty.
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OPTION TREES: SELECTION OF SOLVENTS AND REACTIVE EXTRACTANTS
FOR THE DESIGN OF BIOCOMPATIBLE SEPARATION PROCESSES
A. Bednarz

Nowadays, organic value components are often produced

To support the evaluation and decision process in

bio-compatibility of the process. The successful

by complex processes based on petrochemical raw

process design challenges the variety of processes

preliminary investigations lead to the selection

materials. Biotechnological processes have not been able

and downstream alternatives are structured with the

of feasible systems with reactive extractant and

to compete in this field of production, mainly because of

help of a cascaded option tree. The alternatives and

corresponding diluent.

their raw-material price. The introduction of economically

corresponding process criteria are visualized and

competitive bio-based products to the market is a current

evaluated. From this option tree the project partners

task for scientists and engineers. The development of

can easily infer the challenges and problems every

biocompatible separation technologies for this objective

possible process alternative exhibits, reasoning the

has been investigated in the recent years.

necessary experiments for proof of feasibility as well

References:
A. Bednarz, B. Rüngeler, A. Pfennig, Use of Cascaded Option Trees
in Chemical-Engineering Process Development, Chemie Ingenieur
Technik, 86 (2014), 611-620.

as process design.
Preliminary investigation and experiments are performed with focus
on alternative
downstream processes for intermediate and product
streams. Especially
extraction and
reactive extraction
are investigated,
focusing on the
Fig. 1: Example of a cascaded option tree for the evaluation of solvents and reactive extractants.
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MICROSCALEBIOENGINEERING
MICROFLUIDIC HIGH-THROUGHPUT MICROBIAL
SINGLE CELL CULTIVATION
Prof. D. Kohlheyer

Our latest microfluidic single cell cultivation system (Figure 1a) is intended for highthroughput single cell cultivation and analysis of evolving isogenic microcolonies.
Each device consists of a polydimethylsiloxane (PDMS) chip (3 mm thick, 15 mm
wide and 20 mm long) with incorporated microfluidic channels bonded to a
170 µm thick glass slide (cover glass) suitable for high-resolution microscopy. Since
PDMS chips can be fabricated rapidly, the system is intended for single-use only,
avoiding elaborate device cleaning and autoclaving.
The chip has one inlet channel to supply growth medium and a single outlet
channel for fluid disposal, also it incorporates 400 parallel monolayer growth chambers (MGC) (Figure 1b). Each MGC of 40 µm x 40 µm x 1 µm (width x length x height)
can accommodate a single microcolony of approximately 750 individual bacteria
(Figure 1c). The uniform height of 1 µm restricts the microcolony growth to a defined
cell monolayer ideal for image-based analysis of individual cells by time-lapse
microscopy. The MGCs are arranged in-between two ten-fold deeper supply channels (10 µm depth x 30 µm width) with laterally interconnected micrometer sized
channel arrays as depicted (Figure 1b). Throughout the cultivation, medium is fed
continuously at identical flow-rates via each supply channel. Thus, only negligible
pressure difference occurs across the MGC, leading to solely diffusive mass transport throughout the MGC. In this configuration cultivated cells are not negatively
affected by convective flow, shear stress or pressure gradients.
During single cell cultivation, each microcolony exhibited excellent viability with no
impact on cellular growth or morphology. Figure 2(a) shows microcolony growth for
nine hours in one of the observed growth sites. As an example, 23 microcolonies
were analyzed in more detail and single-cell growth rates µmax were derived as

Fig. 1: Figure 1: Microfluidic single cell cultivation device. (a) Microfluidic PDMS chip (h = 3 mm) bonded to
a glass plate (h = 170 µm) and channels filled with differently colored dye; (b) Each chip incorporates 4 separate channels for multiple analysis in parallel; (c) Each channel branches into two cultivation arrays having
an air bubble zone arranged in front; (d) Two different cultivation chambers are arranged perpendicular
to the flow interconnected between parallel supply channels; (e) SEM image of a single cultivation chamber.
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shown in Figure 2(b-c). We found the maximum average growth rate µmax_mean to be
0.6 ± 0.03 1/h, which corresponded very well to previously published results obtained
with C. glutamicum in microfluidic devices. The shifts in time of the different growth
curves can be explained by different cell cycle states of the individual mother cells.

References:
C. Probst, A. Grünberger, S. Helfrich, N. Braun, K. Nöh, W. Wiechert, D. Kohlheyer, Rapid inoculation
of single bacteria into parallel picoliter fermentation chambers, Analytical Methods, 2014, DOI: 10.1039/
C4AY02257B.
D. Binder, A. Grünberger, A. Loeschcke, C. Probst, C. Bier, J. Pietruszka, W. Wiechert, D. Kohlheyer, K.-E.
Jaeger, T. Drepper, Light-responsive control of bacterial gene expression: Precise triggering of the lac
promoter activity using photocaged IPTG, Integrative Biology, 2014, DOI: 10.1039/C4IB00027G.
A. Grünberger, W. Wiechert, D. Kohlheyer, Single-Cell Microfluidics: Opportunity for Bioprocess Development, Current Opinion in Biotechnology, 29 (2014), 15-23, DOI: 10.1016/j.copbio.2014.02.008.
N. Mustafi, A. Grünberger, R. Mahr, S. Helfrich, K. Nöh, B. Blombach, D. Kohlheyer, J. Frunzke,
Application of a genetically encoded biosensor for live cell imaging of L-valine production in pyruvate
dehydrogenase complex-deficient Corynebacterium glutamicum strains, Plos One, 2014, DOI: 10.1371/
journal.pone.0085731.
A. Nanda, A. Heyer, C. Krämer, A. Grünberger, D. Kohlheyer, J. Frunzke, SOS-induced spontaneous
prophage induction in Corynebacterium glutamicum - An analysis at the single-cell level, Journal of
Bacteriology, 196 (2014), 180-188, DOI: 10.1128/JB.01018-13.
S. Unthan, A. Grünberger, J. van Ooyen, J. Gätgens, J. Heinrich, N. Paczia, W. Wiechert, D. Kohlheyer,
S. Noack, Beyond growth rate 0.6: What drives Corynebacterium glutamicum to higher growth rates in
defined medium. Biotechnology & Bioengineering, 111 (2014), 359-371, DOI: 10.1002/bit.25103.

Fig. 2: (a) time-lapse image series of C. glutamicum colony growing in one growth site over
nine hours. (b-c) microcolony growth curves of multiple microcolonies (N=23) revealing an
average maximum growth rate µmax_mean = 0.6 ± 0.04 h-1.

G. Schendzielorz, M. Dippong, A. Grünberger, D. Kohlheyer, A. Yoshida, S. Binder, C. Nishiyama,
M. Nishiyama, M. Bott, L. Eggeling, Taking control over control: Use of product sensing in single cells to
remove flux control at key enzymes in biosynthesis pathways, ACS Synthetic Biology, 3 (2014), 21-29,
DOI: 10.1021/sb400059y.
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DFG SPP1617 FUNDED EDUCATION COURSE “SINGLE MOLECULE AND
SINGLE CELL ANALYSIS”, MARBURG, JÜLICH, 10-12. NOVEMBER 2014
Prof. D. Kohlheyer

Victor Sourjik (MPI Marburg) and Dietrich Kohlheyer organized a
successful three-day workshop on single molecule and single cell
analysis at the MPI Marburg and at the Forschungszentrum Jülich.
The international graduate students were trained on advanced single
molecule spectroscopy techniques in Marburg and microfluidics for
single cell analysis in Jülich in theoretical and experimental sessions.

Fig. 1: DFG SPP1617 funded Education course “Single Molecule and Single Cells”,
Marburg, Jülich, 10-12. November 2014, group photo.

Fig. 2: DFG SPP1617 funded Education course “Single Molecule and Single Cells”,
Marburg, Jülich, 10-12. November 2014, photograph during experimental session.
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DISSOLUTION OF BIOMASS
P. Chen, B. Rabideau

The goal of this project is to develop full working

show that there is a complex mechanism connecting

examining the suitability of other solvents, including

models for the dissolution of biomass in solvent media,

various hydrogen bonding states. Moreover, hydrogen

n-methylmorphaline oxide (NMMO), urea, alkali salt

from the atomistic level up to the level of complete

bonds formed between the IL anions and the cellulose

solutions, and solvent mixtures such as those used in

“bundles”.

chains can endure for up to 10 ns, allowing for the

the organosolv and organocat processes. This work

disruption of neighboring bonds within the cellulose

is supported by ongoing experimental work within

hydrogen-bond formation and dissolution in cellulose

matrix, enabling further dissociation and dissolution of

other groups at the Aachener Verfahrenstechnik and

bundles, as this appears to be one of the most signifi-

the bundle.

at the MPI for Coal Research in Mülheim.

u6on$func6on:$Sol;CB$
Recently, we have explored the dynamics of

• LiBr$
cant steps
in initiating dissociation of cellulose chains
in solution. Our results for cellulose in ionic liquids

Currently, we are exploring the effects of water
concentration on the dissolution process, as well as

Second$shell$
First$shell$
Fig. 1: Lithium ions tend to crowd around particular locations around a
cellobiose molecule. The first and second “shells” are indicated in grey
around the cellobiose molecule (red oxygens, cyan carbons, and white
hydrogens).

the$ﬁrst$and$second$solva6on$shells$$

Fig. 2: Sugars found in cellulose and hemicellulose tend to
aggregate near the interface
between aqueous solutions of
oxalic acid (red) and dimethyl
sulfoxide (blue) solvents.

Fig. 3: The dimethylphosphate
anion forms an extensive network
of different hydrogen bonding
states with cellulose.
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DEFORMATION OF NANOTUBES AND NANOWIRES
M. Schmidt, Prof. R. A. Sauer

We have previously developed a general methodology

tubes, which have applications in a wide range of

tubes exhibit failure modes that are not easily re-

for determining parameters for continuum models of

fields, including as LED‘s, as platforms for catalysts,

produced by standard current finite element models.

contact problems from atomistic models of the same

and as conductors of heat and electricity. These

Thus, special care must be exercised in the selection

phenomena. This process allows us to use very simple

nanoscale structures can be deformed much like their

of surrogate models to be used in finite element

physical models to describe complex physical phenom-

macroscopic counterparts, with torsions and elonga-

calculations when large-scale material changes are

ena, saving substantial amounts of time while still pre-

tions being made possible.

expected.

serving the physical accuracy of the results.
We have recently extended this work to include
“beam-like” structures, such as nanowires and nano-

Our simulations show that nanorods and nanowires
impacting with a wall exhibit similar behaviors for small
deformations; however, at large deformations, nano-

Fig. 1: A carbon nanotube (top)
bends after making contact
with a wall (bottom). The
amount of bending and the
resulting force increases as the
collisions continue.

Fig. 2: Force versus displacement curve for the impingement of a
carbon nanotube against a solid wall. While the traditional finite-element
model captures the atomistic behavior well for small displacements,
new models are required to accurately capture the large-displacement
failure mode observed in molecular simulations.
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AUTOMATED PARAMETER SELECTION FOR HIGH-PERFORMANCE
COMPUTING APPLICATIONS
D. Fabregat-Traver, Prof. P. Bientinesi

Researchers carrying out calculations on high-

such “tuning” parameters have been chosen according to then be used to perform longer simulations or expand

performance computing (HPC) clusters are often

expert judgment, rather than through direct validation.

faced with strict resource allocation limits which

the search space covered by the simulations, allowing

In collaboration with Prof. Paolo Bientinesi of AICES,

both end users and HPC clusters to maximize their

control their access. Thus, improving the efficiency of

we are developing rigorous methods to find the optimal

scientific output with their finite available resources.

HPC simulations is critical to optimizing the use of

parameter choices for molecular dynamics simulations.

such resources. One way to maximize performance is

By automating this selection, we have been able to show

to choose the most suitable values for adjustable

that the best-case results can be nearly 40 percent faster

parameters in the code which govern the accuracy

than the standard values for the parameters normally

and efficiency of the simulations. In the past, however,

recommended by experts in the field. These savings can

Reduction of time-to-solution

Search space split into accurate and inaccurate subspaces
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Expert’s best guess
Automatic selection
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Fig. 1: Simulations with explicit liquid-vapor or liquid-liquid interfaces
require special handling in molecular simulations, as the usual
assumption of isotropic behavior breaks down.
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Fig. 2: (Left) Rapid screening identifies the possible parameter space that can satisfy accuracy constraints, leading to (right) significant
improvements in the efficiency of molecular simulations compared to “expert judgment” typically used in parameter selection.
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MECHANICALPROCESSENGINEERING
MASS TRANSPORT IN LIQUID FALLING FILMS
P. Bandi

In industrial applications, such as CO2 scrubbers,

sive transport models are not available. This is due to

method is based on an optical indicator (Ru(dpp)),

falling film evaporators and absorption heat pumps,

the fact, that the direct numerical treatment of first

which emits phosphorescence when excited with UV

falling films are widely used. In these devices the

principle models requires massive computation and is

light. The lifetime of this emission is dependent on the

liquid phase occurs as a thin, gravity driven film. The

not feasible yet. Furthermore, so far there are no

oxygen concentration. In order to obtain a 2D-concen-

heat and mass transport properties of those films are

methods that are capable of providing the necessary

tration distribution, a volume element of a falling film is

significantly enhanced by their waviness. Complex

data regarding the local 2D-concentration distributions

stimulated with a thin laser sheet. The emitted phos-

dynamic film structures complicate their experimental

within the falling film.

phorescence is recorded with an intensifying CCD-

and numerical investigation. Therefore, falling films
are a subject to ongoing research efforts.
Despite these efforts, the understanding of the
transport phenomena is still limited and comprehen-

Therefore, the planar laser-induced luminescence

camera. The gray value of each recorded pixel corre-

(PLIL) measurement method was developed. PLIL

sponds to the local oxygen concentration.

is capable of measuring the physical absorption of

Simultaneously, it is also possible to determine the film

oxygen by a degassed aqueous falling film. The

thickness. Therefore, PLIL enables a detailed look at
local transport processes occurring in the wave hump and in the
capillary wave region of a liquid
falling film.
These findings are used in an
interdisciplinary research project, in
which numerics (IGPM), modelling
(AVT.SVT) and handiwork (AVT.MVT)
unite in order to develop improved
mass transport models for falling
films.

Fig. 1: Scheme of the PLIL measurement method.

Fig. 2: 2D-concentration distribution within different films, flowing downwards on the inside of a tubular reactor, Re = 44. Please note, that the subfigures do not show the same wave, but rather seven similar ones.
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THE AmbiGAS PROJECT: BIOGAS-UPGRADING AND METHANE RECOVERY
S. Jahne-Kuchinke

Within the ERA-NET BBSRC-Project “AmbiGAS” the

upgrading have been launched. It is assumed that in

investigated. Currently, experiments are executed

overall aim is to develop process technologies, design

worst case the biogas derived from the fermenter

circulating the absorbent ( simultaneous removal of

criteria and operational strategies for the biogas

contains up to 50 vol.-% carbon dioxide. An amount of

carbon dioxide and recovery of the absorbent).

production from high volume, low strength industrial

carbon dioxide of below 5 vol.-% dioxide in the cleaned

effluents. Due to the high volume of the effluents,

gas is targetted. Due to safety reasons, the experi-

of the methane from the fermentation broth. First

raising the temperature from ambient to typical meso-

ments are carried out with a raw gas mixture of nitro-

test results show that up to 100% of the dissolved

philic operating conditions is infeasible -in terms of

gen and carbon dioxide. The results show that it is

methane can be removed from the fermentation broth.

energy input. So, the fermentation has to take place at

possible to reduce the carbon dioxide content in the

o

Simultaneously, the MVT works on the recovery

lower temperatures (12-25 C) which reduce the kinetic

cleaned gas (from 50 vol.-%) to below 0.2 vol%.

With support from the Federal Ministry of Food and

rates and increase the methane solubility. In order to

Furthermore, the recovery of the absorbent is

Agriculture by decision of the German Bundestag.

maximize net energy production and to reduce both
the environmental impact and the time-to-market, the
methane capture is expoited using both a gas upgrad-

CO2, CH4

Anaerobic Fermentation

Absorption of CO2

CH4

ing system and a method for the recovery of dissolved
methane based on commercially available membrane
contactors.
As the work package leader the MVT is responsible
for the biogas upgrading as well as for the recovery of

CO2

Absorbent,
CO2

Desorption of CH4
H2O, CH4

Desorption of CO2

the methane from the fermentation broth. After a
market study on membrane contactors containing
dense membranes, suitable modules are tested with

H2O

Absorbent

N2, CO2

N2

regard to their chemical stability against the chosen
absorbent. The absorbent is a solution of deionized
water with potassium carbonate and piperazine. With
two suitable modules, experiments for the biogas

Fig. 1: Simplified flowsheet of the “AmbiGAS”-process.
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COARSENING OF SEMISOLID ALLOYS IN A SHEAR FIELD
S. Harboe

At the AVT.MVT the rheological- and microstructural

state in a high temperature rheometer (up to 1900°C)

rate and the temperature is evaluated. Based on

properties of semisolid ( steel-, aluminium- and

(Figure 1) and shock freezing them to investigate the

these investigations, currently a model for coars-

tin-lead-) alloys are investigated. The motivation of the

microstructure. From the frozen samples their

ening phenomena in semisolid alloys is set up.

investigations is related to semisolid metal process-

microstructure is analyzed ( Figure 2 ). Additionally,

ing, which is the processing of alloys between liquid

information on the structural state is obtained through

and solid (semisolid) state. The forming material is an

viscosity measurements in the rheometer. The

alloy-slurry of solid grains suspended in a liquid

evolution of the structural state in relation to the shear

matrix. The solid phase microstructure influences the
rheological properties of the melt and the mechanical
properties of the parts; one of the topics of the
rheology group‘s research is the time dependency of
the microstructural state in the alloy-slurry during
isothermal shearing. Goal is to understand the
coarsening process of semisolid alloys under isothermal convective conditions through experimental and
theoretical analysis, and to set up suitable prediction
models of the grain size. To date, detailed experimental investigations on the topic are limited and a
complete understanding of the behaviour is lacking.
There is currently no way to investigate such
systems with in situ experiments due to the high
temperature, the opaqueness of the material and the
presence of a velocity field. Therefore, experiments
are performed by shearing samples in an isothermal

Fig. 1: High temperature rheometer for investigation of
semisolid alloys.

Fig. 2: Colour etching micrography of steel X210, sheared in high
temperature rheometer in semisolid state.
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PROCESSSYSTEMSENGINEERING
CHEMICAL PROCESS SYSTEMS SUPPORTING
THE ENERGIEWENDE
G. Wang

One of the key challenges in the “Energiewende” is the

based analysis. We investigated this new approach

efficient use of fluctuating energy supply from solar and

from single process units, e.g. distillation process, up to

wind. The research project “Chemical process systems

large production processes, e.g. ammonia production.

in supporting of distributed energy networks”, funded

A potential analysis of this concept on a higher system

by the Hans L. Merkle-Stiftung, aims to identify possi-

level is undergoing.

bilities and potentials of chemical process systems that

The second focus is on the design of chemical-based

meet the challenge.

energy storage systems, where stand-alone systems as

In this project, we focus on two topics. The first one

Fig. 1: Real-time optimization of solar-driven distillation.

well as storage systems embedded in production plants

is on the energy supply-driven chemical production,

are investigated. One of the recent studies is the

where uncertainties in energy systems, i.e. the availabil-

conceptual design of a closed-loop ammonia-based

ity of energy supply and the variation of energy prices,

energy storage system. Through maximal utilization of

are considered as incentives in the chemical process

equipment, materials and heat, a round-trip efficiency of

design and operation. This leads to consideration of

60% has been achieved in the optimized process

dynamics in contrast to the traditional steady-state-

design.
Fig. 2: Process design of ammonia-based closed-loop
energy storage system.
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PROCESSSYSTEMSENGINEERING
ENPRO INITIATIVE - ENERGY EFFICIENCY IN THE
CHEMICAL PROCESS INDUSTRY
A. Krieger, M. Wiedau

The German chemical industry is faced with a strong

To strengthen the competitiveness of the German

(BMWI). The objectives of the project are a fast and

global competition in emerging markets. Competitors

process industry, a joint initiative of three leading

energy-efficient market supply of new specialty

process with lower production costs and are about to

chemical companies in Germany, BASF SE, Bayer

products with an energy-efficient development and

pick up technologically. A fast development and efficient

Technology Services (BTS) and Evonik Industries AG

production while shortening the time-to-market

production of specialties and new products is required

together with different universities and suppliers

of innovative projects.

on the markets.

was started. This ENPRO initiative is funded by the
Federal Ministry for Economic Affairs and Energy

Fig. 1: Breakdown of final energy consumption in 2006 by sector.

AVT.SVT is involved in two of the four projects of
the ENPRO Initiative, i.e. EP1 and EP4 .

Fig. 2: Connection of the different ENPRO projects.
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PROCESSSYSTEMSENGINEERING
PROJECT “KOPPONA” OF THE ENPRO INITIATIVE:
CONTINUOUS PROCESSES FOR POLYMER SPECIALTIES WITH
THE HELP OF NEW EQUIPMENT CONCEPTS
A. Krieger, N. Magbool

Nowadays specialty polymers with an annual tonnage from 500 to 15,000 tpa
are produced in conventional stirred tank reactors.
The objective of the KoPPonA project is the development and validation of an
energy-optimized, resource-efficient reactor design and reprocessing to accelerate
product and process development from the laboratory to production.

Continuous milli-reactors
•

show a similar behavior in laboratory scale and production scale

•

combine the advantage of energy efficiency, flexibility and a reliable scale-up.

In the KoPPonA project the energy efficiency and expected process development
time is evaluated for a solution polymerization process. At AVT.SVT the optimal
milli-reactor in combination with the development of methods for the design of stable
reactor concepts is investigated. In a consecutive step, given the reactor design,
the analysis of a soft-sensor for monitoring of process and polymer product quality
based on in-line heat flux measurements is performed. Soft-sensors allow the
estimation of not directly measurable process variables based on measurement
data and a rigorous process model for process monitoring and control.

Fig. 1: Advantages of milli-reactors as a process concept for solution polymerization.
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PROCESSSYSTEMSENGINEERING
PROJECT “INFORMATION INTEGRATION” OF THE ENPRO INITIATIVE:
IMPROVING ENERGY EFFICIENCY AND PROCESS ACCELERATION
THROUGH INFORMATION INTEGRATION FROM CONCEPTUAL
DESIGN TO PRODUCTION
M. Wiedau

The continuous workflow of planning information through different lifecycle steps,
beginning with first drafts up to plant maintenance, is the key to energy efficient
chemical plants. On the one hand, all information on energy parameters (energy
consumption, degree of efficiency, emission, …) must be available in early design
steps. On the other hand, an easy recourse on basic information, assumptions
and decisions from the early design steps must be available during the operation
of a plant.
Therefore, the main goals of the project are:
•

A concept for lifecycle-wide-modeling of objects based on open standards

•

An exemplary implementation of the concept, for both common apparatuses
and machines, as well as for standardized process units (modules)

•

A validation of the aforementioned deliverables based on real project data through
prototypical design of system interfaces which are supporting a consistent
information handling

Besides the research activities of RWTH Aachen University, Process Systems
Engineering (AVT.SVT), the AVT Spin-Off AixCAPE e.V. is involved in the project
to establish an early research transfer of the project deliverables.

Fig. 1: Workflow and development process of the ENPRO information integration project.
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CONFERENCES&WORKSHOPS
HSK-“HOCHSCHULKURS MEMBRANPROZESSE”
S. Stiefel, D. Menne

In June 2014 VIVTA e.V. organized once again the

production, marketing and sales could get hands-on

institutions in membrane processes and applications.

biennial university course “Hochschulkurs Membran-

experience in the design and application of membrane

A tour of the beautiful city of Aachen and a barbecue

prozesse” in order to train participants from academia

processes. The course was accompanied by a tour of

in the rare but splendid Aachen sunshine took care of

and industry in the fundamentals of membrane pro-

the labs and facilities of the chair for chemical process

the more social-centered aspect of the three-day course

cesses as well as present the most recent develop-

engineering of RWTH Aachen University (AVT.CVT),

in order to ensure the well-being of the course partici-

ments in membrane applications. In enlightening talks

where the participants caught an exclusive glimpse

pants.

and interactive case studies the participants from R&D,

behind the facade of one of the leading academic

Fig. 1: Prof. M. Wessling welcomes the audience.

Fig. 2: Dipl.-Ing. H. Breisig shows the laboratories.
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CONFERENCES&WORKSHOPS
POSTERDAY 2014
O. David

The 14th Posterday was held on September 8th

THE WINNERS ARE:

at the RWTH University main building in Aachen,

SCIENTIFIC POSTER AWARD

Germany. The first eleven editions were organized

S. Tas, B. Zoetebier, M. Hempenius, K. Nijmeijer,

by the the Dutch Membrane Society (NMG).

Selective removal of monovalent ions with crown ether

With the Belgium Membrane Group (BMG) as

polymer membranes, Membrane Science and Techno-

co-organizer in the last two editions, in 2008 and

logy Group - University of Twente, The Netherlands

2010, the poster day become more international.
Now for the first time, the German Chemical Process

A. Rommerskirchen, Y. Gendel, O. David, M. Wessling,

Engineering research group, AVT-RWTH Aachen,

Water desalination using flow electrode capacitive

joined the effort under the endorsement of DGMT,

deionization (FCDI), AVT.CVT - RWTH Aachen Universi-

the German Society for Membrane Technology. The

ty, Germany, DWI – Leibniz Institute for Interactive

Conference Host was VIVTA e.V., a support society
for the AVT-RWTH Aachen.
Following the tradition, this Posterday presented

Materials, Germany
Fig. 1: Opening ceremony Posterday 2014, Prof. Wessling,
RWTH Aachen.

INDUSTRIAL POSTER AWARD

progress on membrane research and development

S. Metz, H. H. Wolters, Novel hybrid ceramic metal

at laboratory and industrial scale. It offered a platform

membrane, Metalmembranes.com, Leeuwarden, The

for network building between universities and institutes, as well as industries.

Netherland
membranes for Power-to-Gas applications, Hydrogenics, Belgium) and Prof. Dr. Ir. Nieck Benes

We look forward to the next edition which will be

posters. Next to the poster presentations, there was a

(Hyper-cross-linked nano-scale hybrid films - A new

held June 9th, 2016, in Leuven, Belgium.

good combination of industrial and commercial rele-

generation of robust membranes, University of

vant lectures given by Dr.-Ing. Bernd Krause, (Mem-

Twente, The Netherlands).

Overall 151 participabt were able to review 90

branes in Medical Applications, Gambro Dialysatoren
GmbH, Germany), Dr. Ir. Jan Vaes (Water electrolysis

The three best posters were awarded a prize at
the end of the day.

Matthias Wessling (AVT-RWTH Aachen),
Albert Jansen (Chair NMG),
Chris Dotremont (Chair BMG)
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CONFERENCES&WORKSHOPS
THIRD “JÜLICH BIOTECH DAY”
Prof. W. Wiechert

With 275 participants the third “Jülich Biotech Day“
was organized by the Biotechnology institute IBG-1
at Forschungszentrum Jülich. The symposium on
October 24th, 2014, offered scientists and representatives from industry the opportunity to gain insights
into the current state of research and development in
industrial biotechnology.
One focus of the scientific lectures was on the
development of tailor-made microorganisms. Prof. Jack

Fig. 1: Monika Krystof from RWTH Aachen
and Simon Boecker from TU Berlin
(with the blue certificates) were awarded
this year‘s Christian Wandrey prize at the
third Jülich Biotech day, References:
Forschungszentrum Jülich.

Pronk (TU Delft) reported how fuels and chemicals can
be produced by specific modifications of the central
metabolism of the yeast Saccharomyces cerevisiae.
The BRAIN AG in Zwingenberg develops microbial
production strains and enzymes for industrial applica-

Loeschcke (IMET) reported another Jülich highlight by

biotechnological processes for fuel and chemical

tions, for example for the production of cosmetics.

demonstrating how pathways can be designed to

production.

Dr. Jürgen Eck, board member of the company, made

synthesize products which cannot be formed naturally

an assessment of the role of biotechnology in estab-

- for example, valuable substances, such as antibiotics.

formed the frame for the Christian Wandrey Award 2014 to

The use of enzymes in various industrial applications

Monika Krystof and Simon Boecker. The prize was award-

lishing a knowledge-based bioeconomy.

The third “Biotech Day” at the Forschungszentrum also

is central to the work of Professor Helen Hailes (Univer-

ed to those two young scientists for their outstanding

presented by Junior Professor Julia Frunzke: Geneti-

sity College, London) and Prof. Antje Spieß (RWTH

master and diploma theses in the field of biotechnology.

cally identical bacterial cells may behave differently,

Aachen). The British scientist presented the synthesis

Monika Krystof is now a PhD student at the Institute for

thus forming different phenotypes. The young re-

of chiral amines using transaminases and Norcolaurin

Technical and Macromolecular Chemistry (ITMC), RWTH

searcher investigated how these differences affect the

synthases. The contribution of Antje Spieß was about

Aachen, Simon Boecker a PhD student at the Institute of

“fitness” and productivity of a population. Dr. Anita

the usage of biomass from waste streams by means of

Chemistry at the TU Berlin.

A highlight of the Jülich biotechnology research was
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CONFERENCES&WORKSHOPS
15TH AACHENER MEMBRAN KOLLOQUIUM ON 12TH/13TH NOVEMBER 2014
L. Keller

The biennial Aachener Membran Kolloquium (AMK)

The conference began with a welcome reception

organized by CVT is one of the leading international

at the institute‘s research facilities in Melaten.

conferences on industrial applications of membrane

During lab tours, which were accompanied by

technology. In 2014 it brought about 220 people from

an informal get-together, the participants gained

different areas in membrane research together,

insight the CVT‘s research. A well-balanced

50% being academia and 50% industrial. The aim of

mixture of talks was tipped by the keynotes held

AMK is the interdisciplinary knowledge exchange

by G.-H. Koops, Technology Leader at GE Wa-

of the participants with a majority of talks on industrial

ter & Process Technologies, and I. Pinnau,

applications and research.

Director of the Advanced Membrane and Porous
Materials Research
Center at KAUST. The
conference also included
a poster session, in which
mainly young researchers
had the opportunity
to present their work.
The traditional conference
dinner could be held in
the historic Coronation Hall
of the Aachen Town Hall.

Fig. 1: Guided tour of the institute‘s labs in Melaten.

Fig. 2: Welcome talk by Prof. Wessling at Eurogress.
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STUDENTACTIVITIES
LOUSBERG RUN 2014
K. Kugler

Just like in 2013, the AVT was represented again by the
biggest team in the traditional Aachen Lousberg run.
Overall, 129 people participated successfully for the
AVT team. For the sake of recognition and to the
strengthen the team spirit, all runners wore uniform
race jerseys in green and red.
Many sportsmen and -women were able to beat
their own records despite this year‘s hot weather.
We are sure this must be due to the evening before
the run, where all participants of the AVT team enjoyed having self-made pasta salads at our traditional
pasta party.
And to reward their effort everyone could refresh
themselves having juicy drinks after the run. We would
like to thank all helpers for organizing this pretty
cool event and our sponsors for turning the run into
a success for everyone every year.

Fig. 1: The Lousberg Run Team 2014.
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STUDENTACTIVITIES
BRANNTWEIN AG: ACTIONS SPEAK LOUDER THAN WORDS!
A. Eggert

The in 1998 founded Branntwein AG is a project of

like the company “Zentis” and a hobby beekeeper,

to the tasting of the products will be

the Chair of Thermal Process Engineering at the RWTH

the students got 20 kg raspberries (for 10l raspberry

documented and published on a website,

Aachen. Since midyear 2014, the chair is called Fluid

liquor), 25 kg cherries and 18 kg honey (for 60 l

designed by the students.

Process Engineering and is headed by Prof. Jupke.

cherry mead).

Every winter semester the Branntwein AG is available

For the production of fruit wine and fruit liquor,

for students of RWTH Aachen University. This year too,

first the mash, which corresponds to a mixture of

the 16th in succession, interested bachelor and master

crushed fruits, yeast and sugar has to be fermented.

students from different semesters and branch of study

The fermentation can take up to 5 weeks, and is

embraced the opportunity to learn about the practical

checked daily. After the fermentation process, the

side of process engineering, outside their demanding

mash will be sieved and filtered. The liquid obtained

studies. The Branntwein AG, this semester consisting of

in this process is wine. To

25 members, is supervised by the academic assistant

produce a brandy, the

M. Sc. Armin Eggert.

alcohol contained in the

The course aims at treating distillation as the classi-

wine must be concentrat-

cal thermal separation process by a practical and, at the

ed by a distillation pro-

same time tasty, example. All steps for production of

cess. At the end of the

liquor from fruits will be developed, planned and imple-

project each member

mented in group work. Not only procedural issues

receives, in addition to

are focussed by the Branntwein AG, but also economic

experience, a bottle

aspects, legal principles, possibilities of project planning

of wine, a bottle of self-

(project and financial management), creative design, and

distilled brandy and a

above all - teamwork. All theoretical and practical

certificate.

approaches should be developed from the beginning on
by the students themselves. With the help of sponsors

The entire project, from
the sourcing of the ingredients

Fig. 1: Branntwein AG participants in front of the distillation column.
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STUDENTACTIVITIES
P3 TOURNAMENT
R. Ohs

As in previous years, the AVT-team showed an extraordinary performance at the P3-soccer tournament.
The tournament is usually organized by P3 group, and
institutes from RWTH Aachen University are invited
to demonstrate their soccer skills. Even if luck did not
hold and the AVT-team was put into the top group of the
tournament, it prematurely reached the quarterfinal after
winning the first three matches being far ahead.
Due to its strong team spirit, the AVT-team succeeded in reaching the final by winning its next matches.
Here, MediÄTTÄCK, last year‘s opponent in the final and
last-year champion by penalty shot-out, needed to be
beaten. Although the match was closer this year and the
supporters of both teams could cheer about chances
on both sides. However, the AVT-team only came
off second best.
The AVT team once more wants to thank the P3
group for organizing the event, the invitation, the great
catering and enjoyable attractions throughout the
day -thank you very much.
Fig. 1: AVT-team at P3-soccer tournament.
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STUDENTACTIVITIES
SAKE AG
D. Flitsch

The participation of the Sake AG at the 5th international
brewing contest 2014 in Hamburg was a full success.
For the first time in the five-year-history of this event, the
team was able to win two of the reknown trophies.
Besides the former 8th rank (2013) could be improved to
rank 4 with 19 teams participating in 2014. Yet, admittedly this 4th rank was shared with 16 other teams.
Coming to the first trophy, “Stimmungskanonen”,
meaning simply entertainers, surely the team‘s artistic
presentation at the end of the agenda profited from the
long-ongoing beer tasting. The second trophy is awarded for the “BEST SAKE”, which was rewarded for the
first time. Due to our enormous experience in the field of
brewing Sake (and us the only participants...) there was
no doubt that we would bring this cup home. However,
it was announced that next year there will be a second
team which will be trying to brew sake, too. Of course
we accept this challenge and are in good hope to
win this most prestigious category again. We really are
looking forward to Hamburg 2015!
Fig. 1: Team Sake 2014.
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STUDENTACTIVITIES
CHEMCAR
J. Linkhorst

Since 2006 the ChemCar competition has been held

None too sure, the jury graded almost all presentations

the ChemCars from FH Münster (10.33 m) and

by “kreative junge Verfahrensingenieure” (kjVIs) of the

at level, keeping the participants evened out and

FH Köln (13.74 m). The second run brought the

VDI-GVC in cooperation with DECHEMA e.V. Both

waiting for the race to come.

decision on. The HydRotor stopped only at 12.42 m,

a poster presentation and a race contribute to the

The second day, the race took place, giving the

so that Aachen won the competition. With pride we

awarding. In 2014 the competition took place at the

developed vehicle a payload of 20% and a distance of

look upon our student‘s achievements and look

annual ProcessNet in Aachen. As a first, the teams

twelve meters to drive. In the first run, HydRotor,

forward to the next team of ChemCar-developers!

presented their concepts along with their posters.

Aachen‘s ChemCar, stopped at 12.70 m followed by

Fig. 1: HydRotor | VDI e.V./ Thorsten Martin.

Fig. 2: The HydRotor Team - top LTR: M. Diekmann, D. Schmitz, J. Gebele, J.-B. Vennekötter,
K. Popiehn, J. Linkhorst - bottom LTR: C. Köhler, A. Hülsdünker, E. Hoppe, P. Holzemer-Zerhusen,
nicht auf dem Bild: T. Talis, S. Kriescher; Picture:VDI e.V./ T. Martin.
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STUDENTACTIVITIES
IBG-1 TEAM WINS THE FIFTH INTERNATIONAL BREWING CONTEST
Prof. W. Wiechert

“Mojito” is the name of the exotic creation by the Jülich
biotechnologists that won the fifth international
brewing contest run by Hamburg University of Technology (TUHH). The “JuBräu” team of undergraduates
and PhD students held their own against 17 competitors and displayed great skill in one of the oldest
biotechnological processes. The winning beer captivated the jury with its typical sweet-and-sour mojito
taste, which allures just like the Cuban cocktail. The
team created the taste using special malts, a selection
of hops, and a unique way of controlling the fermentation process in the beer. The refreshing kick was
provided by boiled mojito mint leaves.

Fig. 1: LTR: M. Limberg, V. Pooth, R. Voges, R. Kloß, S. Unthan, A. Radek, J. Koepff.
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NEWCOLLEAGUES&DOCTORATES&AWARDS
NEW COLLEAGUES

BIOVT | Prof. Dr.- Ing. J. Büchs
Jannis Nolten
Tim Welters
Nina Ihling
Elena Herweg
Martina Mühlmann

FVT | Prof. Dr.- Ing. A. Jupke
Tim Massmann
Armin Eggert

CVT | Prof. Dr.- Ing. M. Wessling
Michael Alders
Sari Alsayegh
Benedikt Aumeier
Sarah Armbruster
Davide Di Marino
Suzana Djeljadini
Laura Keller
Jonas Lölsberg
Florian Roghmans
Alexandra Rommerskirchen
Hannah Roth
Robert Sengpiel
Jan-Bernd Vennekötter

MVT | Prof. em. Dr.- Ing. M. Modigell
Sonja Paul
Hiba Rahman
SVT | Prof. A. Mitsos, Ph. D.
Dominik Bongartz
Hatim Djelassi
Fatemeh Ebrahimi
Ralf Hannemann - Tamás
Alexandra Krieger
Nabil Magbool
Jaromil Najman
Tobias Ploch
Marcel Schippers
Mirko Weitzmann
Mara Weiß
Xiang Zhang
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BIOVT | Prof. Dr.- Ing. J. Büchs

Dr.-Ing. Esther Maria Gartz | 02.04.2014		

Dr.-Ing. Daniel Jussen | 25.06.2014

EPT | Prof. Dr.- Ing. A. C. Spieß

”Development and Characterization of a Microfluidic

			

Magnetic Oscillation Reactor for Enzymes“

Dr.-Ing. Helene Wulfhorst | 17.04.2014		

”Online-Monitoring von Produktbildung über
kurze Tryptophanmarker“

Dr.-Ing. Wolf-Georg Klöckner | 11.06.2014

”Modellierung und Messung der enzymkatalysierten

Dr.-Ing. Andreas Püttmann | 01.10.2014

Hydolyse von mit ionischen Flüssigkeiten vor-

”High Performance Finite Element Methods for

behandelter (Ligno)-Cellulose für Biokraftstoffe“

Three-Dimensional Chromatography Models“

”Characterization and Application of Orbitally
Shaken Disposable Bioreactors for Plant

Dr.-Ing. Alexander Grünberger | 13.11.2014		

Cell Suspension Cultures“

”Single - Cell Analysis of Microbial Production Strains in
Microfluidic Bioreactors“

MVT | Prof. em. Dr.- Ing. M. Modigell

Dr.-Ing. Kathrin Friederike Hamilton | 28.04.2014

Dr.-Ing. Heiner Giese | 27.11.2014		

”Modellsystem zur Analyse der Erythrozytenströmung

”Process Design Aspects for Small-Scale

im NMR-Hochfeld mittels hyperpolarisiertem Xenon“

Fermentation Systems“

CSB | Prof. Dr. rer. nat. W. Wiechert
			

CVT | Prof. Dr.- Ing. M. Wessling
			

Dr.-Ing. André Schagen | 28.08.2014		

Dr.-Ing. Fee Pitsch | 27.01.2014		

”Methode der laser-induzierten Lumineszenz zur

”A Membrane Distillation Hybrid Process for the

experimentellen Analyse des Stofftransportes in

Separation of Propylene and Propane“

laminarwelligen Flüssigkeitsfilmen“

Dr.-Ing. Sebastian Niedenführ | 12.03.2014		
”Analyzing the Fluxome of P.chrysogenum in Indus

trial Environment Workflows for 13C Metabolic Flux
Anaysis in Complex Systems“
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PT | Prof. Dr.-Ing. W. Marquardt

Dr.-Ing. Miguel Á. Caraucán Dávila | 03.07.2014
”Systematic Investigation of Distillation Efficiency in

Dr.-Ing. Jörn Viell | 31.01.2014

Aqueous Systems“

”A Pretreatment Process for Wood Based on
Ionic Liquids“

Dr.-Ing. Dirk Delinski	 | 03.07.2014		

”Untersuchung der Phytoextraktion in einer

Dr.-Ing. Manuel Hechinger | 04.04.2014		

standardisierten Laborapparatur mittels Modell-

”Model - Based Identification of Promising Biofuel

basierter Experimenteller Analyse (MEXA)“

Candi Dates for Spark-Ignited Engines“

Dr.-Ing. Tobias Grömping | 15.12.2014		

TVT | Prof. Dr.- Ing. A. Pfennig

”Auslegung von Extraktionskolonnen mit
geordneten Packungen“

			

Dr.-Ing. Sebastian Ruckes | 10.04.2014		

Dr.-Ing. Murat Kalem | 15.12.2014		

”Einfluss von Mulm auf das Abscheideverhalten

”Einzeltropfenbasierte Simulation von pulsierten

organisch - wässriger Stoffsysteme“

Siebbodenkolonnen für die Reaktivextraktion“

Dr.-Ing. Philipp E. Frenzel | 10.04.2014		
”Bewertung von Syntheserouten auf Basis von
Exergiebilanzen“

ANNUALREPORT 61

NEWCOLLEAGUES&DOCTORATES&AWARDS
AWARDS

BIOVT
Georg Wandrey				

Poster Award, Bioprocess Engineering Course 2014

Heiner Giese

BioSC PhD Competence Award 2014

		

CSB
Torsten Sehl				

Helmholtz-PhD Award 2014

					BioSC PhD-Competence Awards 2014
Alexander Grünberger			

Klaus-Goerttler-Award 2014

					

BioSC PhD Competence Award 2014

Dörte Rother				

BioSC Supervision Awards 2014

CVT
Frederike Carstensen			

Borchers Badge

Claudia Niewersch 			

Borchers Badge

Marco Scholz 				

Borchers Badge

Alexandra Rommerskirchen		

Best Poster Award

EPT
Philip Wolfram Engel 			

Borchers Badge

Simon Roth				

Biocat Poster Prize 2014		
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AWARDS

TVT
Rob Bronneberg 			

Borchers Badge

Florian Buchbender 			

Borchers Badge

PT | SVT
Ralf Hannemann-Tamás 		

Borchers Badge

Franca Janssen			

Friedrich-Wilhelm-Prize 2014

Korbinian Krämer 			

Borchers Badge

Ilona Sonnevend			

Namur-Awards 2014

Anna Voll

VAA-Stiftungspreis 2014
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PEERREVIEWEDPUBLICATIONLIST
BIOVT

A. Daub | M. Boehm | S. Delueg | M. Muehlmann | G. Schneider | J. Buechs |

H. Giese | W. Kloeckner | C. Pena | E. Galindo | S. Lotter | K. Wetzel |

Maximum stable drop size measurements indicate turbulence attenuation by aeration

L. Meissner | C. P. Peter | J. Buechs | Effective shear rates in shake flasks |

in a 3 m(3) aerated stirred tank | Biochemical Engineering Journal | 86 (2014) | 24-32.

Chemical Engineering Science | 118 (2014) | 102-113.

A. Daub | M. Boehm | S. Delueg | M. Muehlmann | G. Schneider | J. Buechs |
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