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Dear Friends and Members of the AVT,

5 years AVT- despite its very recent establishment, the AVT is active on important current frontiers of science and technology. In the context of a newly
granted SFB and the renewed excellence cluster TMFB we are pushing the
limits of fundamental research and technological applications. AVT´s growth can
be seen not only through newly founded departments, but also through the extensive network of cooperation enabling an in–depth expertise for contemporary
research fields.
In the following pages, we would like to present you some project highlights of
2012, along with a record of publications, conferences, workshops and many
more. We thank our friends and sponsors of AVT for all their support and wish
our staff members a successful upcoming year.
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Andreas Harwardt (AVT.PT), Kerstin Lorenz (AVT.CVT), RWTH Aachen

New fuels for mobile propulsion
AVT’s role in the Cluster of Excellence „Tailor-made fuels from biomass”

The interdisciplinary TMFB cluster includes 22
RWTH chairs, the Fraunhofer Institut für Molekularbiologie und Angewandte Oekologie and the Max
Planck Institut für Kohlenforschung and started in
2007. Researchers from almost all AVT groups
are involved in the areas of biomass fractionation,
(bio-) catalytic conversion and fuel design.

savings as well as worries about food security
have questioned the sustainability of these first
generation biofuels. Some of these problems are
addressed by second generation biofuels, which
aim at the utilization of the entire plant biomass.
The Cluster of Excellence “Tailor-made Fuels from
Biomass” goes even further by not aiming at established fuels, but rather including the fuel composition and its properties in the design process and
achieve high energy and atom efficiency by direct
catalytic conversion to preserve the synthesis power of nature.

Background of the Cluster
Depleting fossil resources and worries about future climate change have drawn attention to alternatives to our crude-oil driven transportation sector. While electric propulsion has been presented
as a promising alternative in recent years, limited
energy density in battery storage restricts the application domain. Hence, chemical energy storage,
preferably provided by bio-renewable feedstock,
remains a pillar of the transportation sector for the
foreseeable future.
In recent years, politicians have decided to use
biofuel, like ethanol or fatty acid methyl ester (biodiesel) for transportation fuels. Nevertheless, unsatisfying energy efficiency and greenhouse gas

Prolongation&ResultsTMFB

Decision for the future
Friday, 15 June 2012, was an important date for
all German universities which had applied for funding within the second phase of the German Excellence Initiative. On this day the Joint Commission
of the DFG and the German Council of Science
and Humanities decided which projects and universities would be funded for the next 5 years. The
AVT Chairs were waiting eagerly for the decision,
as the prolongation of the Cluster of Excellence
“Tailor-made fuels from biomass (TMFB)” was under decision as well. In the afternoon the tension
was relieved, as the anticipated prolongation for
the cluster was granted.
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Andreas Harwardt (AVT.PT), Kerstin Lorenz (AVT.CVT), RWTH Aachen

New fuels for mobile propulsion
AVT’s role in the Cluster of Excellence „Tailor-made fuels from biomass”

AVT work packages within TMFB
Since not all fuel candidates can be investigated
by time-consuming runs on test engines, a modelbased fuel design approach is followed at AVT.
PT. Here, the fuel properties are estimated based
on the molecular structure of the molecule using
quantitative structure property relation. Fast and
computationally inexpensive methods allow for the

The itaconic acid fermentation requires the conversion of lignocellulose biomass into fermentable
sugars. For that purpose, several biomass pretreatment processes are investigated in TMFB. The
mechanical pretreatment (AVT.MVT) disintegrates
biomass constituents and promotes accessibility for
biomass fractionation processes based on organic

AVT.BioVT investigates biochemical itaconic acid
production through Ustilago maydis. Approaching
this problem from an interdisciplinary point of view,
AVT.BioVT and AVT.CVT developed a membrane bioreactor with reverse flow diafiltration for
substrate feeding and in situ product removal that
significantly increases the space-time-yield. The
subsequent removal of organic acid from the dilute
aqueous solution recovered from the fermentation
broth by bipolar electrodialysis (AVT.CVT) or reactive extraction (AVT.TVT) is also investigated.

Prolongation&ResultsTMFB

A major challenge in the conversion of biomass into
fuel is the high oxygen content of lignocellulose.
While conventional fossil fuels are usually oxygen
free, the de-oxygenation of biomass comes at high
hydrogen demand, which might render the process unsustainable. The inclusion of oxygenated
hydrocarbons significantly increases the fuel design
space by orders of magnitude.

screening of millions of molecular structure based
on bounds on boiling point, heat of combustion or
viscosity, which are relevant properties for engine
application.
This method allows identifying a small number of
promising TMFB fuel candidates that are further investigated using combustion or engine experiments
as well as more sophisticated predictive models for
kinetic properties.
The oxygenated fuel molecules are synthesized by
direct (bio-)catalytic re-functionalization, an important domain of catalysis research within TMFB,
from so-called platform chemicals, like itaconic or
levulinic acid. The sustainable production of these
platform chemicals is a challenging task addressed
by AVT.
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Andreas Harwardt (AVT.PT), Kerstin Lorenz (AVT.CVT), RWTH Aachen

New fuels for mobile propulsion
AVT’s role in the Cluster of Excellence „Tailor-made fuels from biomass”
of the conceptual design efforts is to close recycle streams in process simulation, determine the
overall energy demand and production cost and to
use this information to optimize the overall TMFB
process.
Significant progress has been made since the start
of the TMFB cluster, and of course new challenges
where identified and are addressed in the second
funding period. For example, the fuel design methodology will be extended to take the accessibi-

lity from platform chemicals by direct refunctionalization into account. The research agenda is also
broadened by investigating the utilization of lignin
in enzymatic (AVT.EPT) and electrochemical (AVT.
CVT) depolymerization and oxidation to follow the
goal of whole plant utilization. Bringing together the
research activities of AVT, the establishment of a
reference process with experimental validation of
the entire processing route in the biorefinery of the
NGP² is one of the major challenges for TMFB.
- read more -

Prolongation&ResultsTMFB

solvents or ionic liquids. A detailed investigation
of the biomass disintegration process is performed
using advanced spectroscopic methods (AVT.PT)
and molecular simulation (AVT.MST).
The enzymatic hydrolysis of the fractionated cellulose has been investigated in non-conventional
media like ionic liquids (AVT.EPT). Conceptual
process design has the bird‘s eye view of the individual reaction and separation steps from lignocellulosic biomass to the fuel and connects them
to an entire process (AVT.PT). The overall aim
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Daniel Maldonado-Parra, Julian Meyer-Kirschner, Kerstin Spornhauer, Jörn Viell, Martin Wiese, John Erik Wong

SFB 985: Functional Microgels and Microgel Systems
projects involving four chairs. Within these collaborating research groups AVT.CVT, AVT.EPT, AVT.
PT and AVT.SVT are able to contribute with their
different expertise.

Particular emphasis lies in hydrodynamic conditions, membrane porosity and colloidal interactions.
Building upon recent AVT.CVT and ITMC.MC collaboration, the visualization of fouling layers and

AVT.CVT
The AVT.CVT is involved in three projects (B5, B6
and C4) within the SFB 985.
The project B5 aims at reaction control in microfluidic devices to control the size, topology and
internal structures of microgels. The goal is to produce monodisperse microgels of two different dimensional scales: larger than 10 mm and smaller
than 1 mm. The challenge set to the AVT.CVT is
to develop a microfluidic device where a second
liquid can be infused from the outside, through a
semi-permeable wall, into micron-sized channels.
Such devices will allow to cut the water fluid flowing through these channels into individual droplets
of uniform size when a hydrophobic oil is infused
(Fig. 1), or to dilute the aqueous solution and to
introduce reactants.
The various separation and processing steps necessary for the production of microgel are in the
focus of project B6. Within B6 AVT.CVT investigates membrane filtra-tion processes for the concentration, separation and purification of microgels.
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Figure 1: Concept design of the integration of microgel synthesis in the droplet formation step
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Within the Collaborative Research Centre 985
(SFB 985), we focus on microgels as a group
of highly functional macromolecules that combine
openness with interactive responsiveness and thereby form a synthetic base for novel systems with
new functionalities. Microgels are promising candidates to add advanced functionality to material systems in many different application areas. Examples
include sensors and actuators, the functionalization
of surfaces or volumes, the controlled uptake and
release of active ingredient, or the functionalization as nano-reactors or catalysts. The synthesis of
functional microgels for targeted applications poses
a challenge for the upscaling design of the reaction
and separation units.
SFB 985 brings together research groups from polymer science, chemical engineering and life sciences – disciplines that otherwise often operate
separately. This special combination enables us
to address microgel research in a comprehensive
approach. Starting on the level of individual particles, the research is continued by investigation
of technical-scale production processes and product formulations, leading finally to new applications. This means that the microgels are studied
within the context of a complex interactive system.
In order to efficiently cope with this wide range of
research fields, this SFB is structured into several
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Daniel Maldonado-Parra, Julian Meyer-Kirschner, Kerstin Spornhauer, Jörn Viell, Martin Wiese, John Erik Wong

SFB 985: Functional Microgels and Microgel Systems

AVT.EPT
The Enzyme Process Engineering (AVT.EPT)
group participates in two projects within this SFB.
Project C1 will explores the application of responsive microgels as emulsifiers for biphasic enzymecatalyzed reaction systems and is a cooperation of
AVT.EPT and the Chair for Physical Chemistry II.
A particular challenge lies in the mutual adaptati-

on of optimal reaction conditions for the biocatalyst and the microgel, which may be achieved by
tailoring the microgel to the particular application.
In order to achieve a rational design of microgels,
one needs to understand the relation between microgel properties and emulsion stability, the influence of microgels on mass transfer and reaction
or deactivation kinetics and how microgels affect
emulsification and reaction processing.
For that purpose, the synthesized microgels, the
biphasic reaction system and the mutual interaction of microgel and enzyme are characterized both
using physico-chemical and reaction engineering
methods.
AVT.EPT focuses on the investigation of microgels
as emulsifiers. By exceeding the volume phase

transition temperature, the microgel collapses and
the emulsion breaks (Fig. 2). Thereby, a simple
product recovery from the aqueous phase and a
recycling of the biocatalyst becomes possible. A
major part for rational understanding of the reaction
system is provided by the investigation of the microgel influence on mass transfer between oil and
water phase and on the activation and deactivation
of a model biocatalyst.
Quantitative analysis of the system is performed
with middle and near infrared spectroscopy (MIR/
NIR). Furthermore, AVT.EPT works on the characteri-zation of droplet size distributions in MTBE/
TEA-emulsions via NIR, which are important for
mass transfer issues within the system (Fig. 3).
AVT.PT and AVT.SVT
Completing the contribution of AVT on the SFB
985, the Chairs of Process Systems Engineering
(PT and SVT) are responsible for two further projects.
Project B4 investigates the kinetic mechanisms during microgel formation by precipitation polymerization of N-isopropylacrylamide (NIPAAm) and Nvinylcaprolactam (VCL) in aqueous phase.
Experimental studies focus on the kinetics of the
microgel formation mechanism that includes growth

Backtocontent
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flow field distribution will be performed using NMRimaging. Furthermore, membrane modification via
the Layer-by-Layer technique will be employed to
minimize the adsorption of microgels on the membrane.
The third AVT.CVT project (C4) deals with polyelectrolyte-microgel membranes. Patterned polyelectrolyte-based membranes for molecular separations, e.g. charged mosaic membranes and
electrodialysis membranes, require control of the
active layer in terms of charge density and distribution/order of the charged domains while retaining
selective permeability and high flux. AVT.CVT is
essentially involved in the development of the patterning and assembly processes that would allow
for the structuring of microgels as functional domains within the active layer of the membrane and
device performance of the resulting membranes.
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Figure 2: Concept design of the integration of microgel synthesis in the droplet formation
step

Figure 3: Determination of reactant concentrations in biphasic system with defined interface via
MIR and of dro-plet size distribution in o/w emulsions via NIR

Backtocontent

SFBMicrogels

SFB 985: Functional Microgels and Microgel Systems
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Daniel Maldonado-Parra, Julian Meyer-Kirschner, Kerstin Spornhauer, Jörn Viell, Martin Wiese, John Erik Wong

SFB 985: Functional Microgels and Microgel Systems
nology (LLT) to develop a new integrated spectroscopic and light-scattering measurement technique. The optical measurement technology will be
designed and implemented by LLT, while AVT.PT/
SVT address the model-based quantification and
calibration strategies. This not only yields a betRaman
spectroscopy

infrared
spectroscopy

turbidity/
scattering

ter understanding of the polymerization process but
enables the development of monitoring and closedloop control techniques at production scale.
- read more –

Figure 4: Projects of
AVT.PT and AVT.
SVT within the SFB
985
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of the polymer chains, formation of the particle nuclei and particle growth in joint work with Prof.
Andrij Pich (DWI) and researchers in his group.
A mathematical model for the chemical synthesis of
PNIPAAm and PVCL microgels will be developed
following the Model-based Experimental Analysis
(MEXA) methodology to quantitatively predict the
microgel formation process and the resulting product properties. Model-based processes for microgel synthesis and production processes will be
developed that will allow a model-based controlled
synthesis of microgels with predefined properties.
Such a production-oriented research approach has
not yet been taken, because research on microgels
has largely been focusing on the synthesis of innovative materials on lab-scale.
Within the parallel project G2, the focus is on inline measurements of microgel polymerization processes. An economically viable production process
requires the identification of monomer and polymer
concentration and simultaneous determination of
particle concentration and particle size distribution. The routinely used analytical offline characterization cannot directly be transferred to a production environment and is also tedious to reveal
the complex physico-chemical processes involved.
AVT.PT and AVT.SVT collaborate with the group
of Prof. Poprawe from the Chair for Laser Tech-
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Martin Kunze, Clemens Lattermann, AVT.BioVT, Biochemical Engineering, RWTH Aachen

The BioLector technique is used to perform and
monitor cultivations of microorganisms in microliter scale. The measurement of important biological
parameters like microbial growth, product formation, pH and DOT (dissolved oxygen tension) is
continuously performed during the whole cultivation
time. The microbial growth is observed via scattered light measurement. Using fluorescence measurement, product formation of genetically modified
fusion proteins can be monitored. The pH and DOT
can be determined by using certain fluorescence

dyes which change their intensity and life time depending on the pH or oxygen concentration, respectively. The advantage of the BioLector technology is the non-invasive on-line monitoring of
microbial processes. Thus, off-line sampling and
its disadvantageous influence on the biological process is reduced to a minimum. The application of
microtiter plates allows high-throughput experimentation. To shorten in future the experimental times
while increasing the information content, a diode
array detector will be used for fluorescence mea-

surements. This detector enables the fast measurement of the entire emission spectrum at one
excitation wavelength and time point. Beside conventional batch cultivation fed batch cultivations will
be carried out in future in the BioLector. Therefore,
special microtiter plates which allow the feeding of
different substrates are currently developed. New
optical biosensors and regulation systems, e.g.
photoinduction of enzymes or hydrogels, are also
investigated to extend the variety of applications of
the BioLector technology.- read more -

Scattered light/fluorescence signal and dissolved oxygen
tension during cultivation in BioLector device.

Microtiter plate in BioLector device for optical measurements
of important process parameter.

Tip pick up of a liquid handling system for automated process flows.
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High-throughput screening of bioprocesses applying optical on-line monitoring and
novel controlling methods.
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Dr. -Ing. Lars Regestein, Martin Wunderlich, AVT.BioVT, Biochemical Engineering, RWTH Aachen

With reactor calorimetry, a powerful, non-invasive online monitoring tool for many kinds of biotechnological (or chemical) product formation is
provided as a valuable addition or as an economic
alternative to established online monitoring systems
such as the exhaust gas analysis. It even provides

the opportunity for the online monitoring of product
formation in systems where established methods
are not applicable.
Biological activity such as biomass or metabolite
formation generates heat due to energy losses of
the biochemical conversions. By means of bioca-

Reactor calorimeter in a visible light photograph (left) and infra-red photograph (right) to determine heat sinks.

lorimetry, the measured heat generation during a
fermentation process indicates – as a function of
the living conditions and current metabolic state of
the cultivated microorganisms – whether biomass
and/or product is formed.
Recently, our 50 L pilot scale pressurized fermenter
(see picture) was upgraded for the application as a
biocalorimeter. Therefore, analysis of the temperature control system allows determining the provided
cooling power and, hence, the overall heat generation in the fermenter. Considering other notable
heat sources and sinks such as the mechanical
power input of the stirrer and the heat losses to the
environment, a distinct monitoring of the metabolic state of the microorganisms and, therefore, of
the fermentation process is possible. Replacing the
former electromagnetic on/off valves of the cooling
system by continuously actuated valves provides
the potential of precisely measuring even low heat
flows from bioprocesses.
The aim of this project is to develop an easily
applicable, economic, universal and non-invasive
online monitoring tool for the formation of bulk products of many biotechnological systems in pilot and
large scale fermenters via biocalorimetry.
- read more 1 -, - read more 2 -
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Reactor Calorimetry
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Priya Philip, AVT.BioVT, Biochemical Engineering, RWTH Aachen

Effective screening with fed-batch shake flasks
dition, the higher working volume in shake flasks
circumvents not only evaporation problems such as
in MTP cultivations, but also provides higher sample volumes for offline analysis or product recovery.
Thus, the fed-batch shake flask system enables
a good prediction of optimal strains and process
conditions and generates a solid basis for further
process development in scaled-up reactors.
- read more -

(A)

(B)
Effective screening through adaption of shake flasks from
batch (A) to fed-batch mode (B)
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Combination of the fed-batch shake flasks with the RAMOS
device enables improved strain characterizations

In traditional bioprocess development, screening is commonly performed in batch mode with
shake flasks or microtiter plates (MTPs). Due to
missing online monitoring systems the best suited
microorganism is mostly identified just by analyzing
final samples. In contrast, most production processes are conducted in fed-batch mode in order to
meet the requirements of desired high cell densities and/or product yields. The in-house developed fed-batch shake flask fills precisely this current
gap in screening systems. The main focus is to
mimic optimal environmental conditions to enhance
the performance of a strain. This is provided by
a diffusion driven release from a reservoir system containing any desired nutrient, pH adjusting
agent or inducer. To demonstrate the benefits of
this device, it was combined with the Respiration
Activity Monitoring System (RAMOS), which allows
the online monitoring of the respiration activity as
well as the identification of metabolic phenomena
and limitations, in particular of oxygen limitations.
The feasibility of this concept has been demonstrated under glucose limited fed-batch conditions.
A 1000 fold increased product formation of recombinant E. coli is observed in contrast to their strongly repressed state in batch mode. Other positive
effects are minimized by-product formation, overflow metabolism and moderate pH drifts. In ad-
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F. Pitsch, et al., An Adaptive Self-Healing Ionic Liquid Nanocomposite Membrane for Olefin-Paraffin Separations, Adv Mater, 24 (2012) 4306-4310.

An adaptive self-healing ionic liquid nanocomposite membrane for olefin-paraffin
separations
AVT.CVT investigated a new membrane structure
comprising a multi-layer support structure hosting
the ionic salt [Ag]+[Tf2N]− that renders into a
liquid state upon complexation with propylene. As
opposed to other systems in the literature, the new
ionic liquid-membrane system is intrinsically safe
as it doesn’t show evidence of forming explosive
silver acetylide when contacted with acetylene. The
complexation with propylene results in facilitated
transport of propylene over propane at benchmarksetting selectivity and permeance levels. Purging
the membrane with nitrogen causes the ionic liquid
to crystallize, introducing defects in the membrane.

Recontacting with propylene liquefies the salt and
capillary forces cause rewetting of the membrane.
This self-healing effect causes the membrane to
re-establish its transport properties.
The presented self-healing membrane shows
benchmark-setting permeances and selectivities
without the necessity to use water to facilitate the
mobility of the propylene carrier complex. The contacting with acetylene causes the ionic salt to liquefy without precipitation of explosive silver acetylide.
- read more -

chemicalProcessEngineering

The separation of saturated and unsaturated
hydrocarbons is one of the most expensive and
most energy-consuming separation processes in
the petrochemical industry. Olefins such as propylene are separated from their paraffin pendants by
distillation. Due to the very small vapor pressure
difference between the olefin and paraffin species,
such distillation processes need to be staged in
large columns requiring tremendous amounts of
energy. The separation of olefin and paraffin mixtures such as propylene and propane with new,
less energy-intensive separation processes would
be highly desirable.

Backtocontent
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F. Broens, D. Menne, I. Pothof, B. Blankert, H.D.W. Roesink, H. Futselaar, R.G.H. Lammertink, M. Wessling, Water hammer reduces fouling during natural water ultrafiltration, Water Res, 46 (2012) 1113-1120.

Water hammer reduces fouling during natural water ultrafiltration

chemicalProcessEngineering

Today’s ultrafiltration processes use permeate flow
reversal to remove fouling deposits on the feed side
of ultrafiltration membranes. We report an as effective method: the opening and rapid closing of a valve
on the permeate side of an ultrafiltration module. The
sudden valve closure generates pressure fluctuations
due to fluid inertia and is commonly known as “water
hammer”.
For the study surface water was filtrated in hollow fiber ultrafiltration membranes with a small (5%) crossflow. Filtration experiments above sustainable flux
levels (>125 l (m2h)-1) show that a periodic closure
of a valve on the permeate side improves filtration
performance as a consequence of reduced fouling.
It was shown that this effect depends on flux and
actuation frequency of the valve. The time period
that the valve was closed proved to have no effect
on filtration performance. The pressure fluctuations
generated by the sudden stop in fluid motion due
to the valve closure are responsible for the effect of
fouling reduction. High frequency recording of the
dynamic pressure evolution shows water hammer related pressure fluctuations to occur in the order of 0.1
bar. The pressure fluctuations were higher at higher
fluxes (higher velocities) which is in agreement with
the theory. They were also more effective at higher
fluxes with respect to fouling mitigation.
- read more -
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C.Bayer et.al. On the Design of a 4-End Spiral-Wound L/L Extraction Membrane Module. Ind. Eng. Chem. Res., 52, 1004–1014 (2013)

On the Design of a 4-End Spiral-Wound L/L Extraction Membrane Module
ting conditions, but also offers increased efficiency
because of much larger volumetric mass transfer
coefficients, which is mainly due to the large volumetric contact area.
At AVT.CVT design and application of of 4-end
spiral-wound modules, mainly for extraction applications are studied. Membrane spacers, a key part
of spiral-wound modules, are tested for pressure
drop, mass transfer, and mixing behavior. Further,

different permeate channel designs are studied by
means of a transport-limited surface reaction (copper dissolution method). The findings led to the
design of a 4-end spiral-wound membrane module
with reduced propensity to dead zones and maldistribution and finally to its application to the reactive
extraction of phenol. - read more -

chemicalProcessEngineering

The primary objective of most mass transfer unit
operations is efficient contacting of two immiscible
phases to facilitate solute exchange. The interfacial
area is usually formed by dispersing one phase in
the other (e.g., as droplets). Substantially different are membrane contactors, which provide phase boundaries either with porous or dense membranes. Such non-dispersive contacting not only
extends the range of attainable hydraulic opera-
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Gruenberger, A.; van Ooyen, J.; Paczia, N.; Rohe, P.; Schendzielorz, G.; Eggeling, L.; Wiechert, W.; Kohlheyer, D.; Noack, S.: Beyond growth rate 0.6: Corynebacterium glutamicum cultivated in highly diluted environments Journal of Biotechnology & Bioengineering 110 (1) (2012) first online

Microbial growth rates are of uppermost importance for biotechnological production processes because high cell densities must usually be achieved in
short time. Thus, growth rate optimization significantly
improves process performance. Microfluidic devices
offer a unique facility to investigate the growth behavior of single microbial cells under various environmental
conditions. As a joint project of the working groups
“Micro Scale Bioengineering” and “Amino acids and
cell wall” of the Jülich biotechnology institute IBG-1
the growth behavior of the model organism Corynebacterium glutamicum was studied in a sequence of
cultivation devices ranging from microfluidic chips to
lab scale bioreactors.
This systematic investigation revealed remarkably high
growth rates in small scales which have not been reported before. In conventional shake flasks and bioreactors this effect is not observed because it occurs
only at the initial extremely low cell densities. In contrast, the continuous flow in a microfluidic system establishes constant environmental conditions and a steady removal of metabolic products. This offers a high
potential for future single cell investigations in industrial biotechnology. The capabilities of C. glutamicum
cells were further investigated by a broad microfluidic
substrate screening in order to reveal the determining
factors of high growth rates. This paves the way to
future improved bioprocesses. - read more -

Fig.: Growth of Corynebacterium glutamicum wild type in different scales of cultivation on a defined glucose medium.
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Multiscale Cultivation of Industrially used Microorganisms

21.

Rohe, P. ; Venkanna, D. ; Kleine, B. ; Freudl, R.; Oldiges, M.: An automated workflow for enhancing microbial bioprocess optimization on a novel microbioreactor platform
Microbial Cell Factories 11(1), 144 (2012) 10.1186/1475-2859-11-144

Jülich Bioprocess Optimization System (JuBOS)

tem JuBOS combines a micro titer scale cultivation
device (BioLector) with a liquid handling system for
media preparation and further devices for cooling,
cell separation and photometric measurement. It
can automatically perform harvesting procedures
and execute interventions like additional substance

feeds during cultivation. Using this technology, industrially established procedures for strain selection and bioprocess optimization can be performed
with a higher precision compared to shake flasks.
Simultaneously JuBOS allows for a much higher
throughput compared to a bioreactor.
Intelligent software routines for automatic experimental design fully exploit the capabilities of
the liquid handling system. As a test case JuBOS
was applied for process development of a protein
secretion system including comparison of a large
library of secretion signal peptides, induction profile optimization, and media optimization for protein
excretion. Moreover, fed-batch feed rate optimization was possible at micro titer scale by using an
enzymatic glucose release system. In summary, all
steps of process optimization could be performed in
a remarkably short time. Most remarkably, a 50%
higher secretion performance compared to standard
growth media could be achieved. - read more -

Fig.: The Jülich Bioprocess Optimization System (JuBOS)
based on a microtiter platform cultivation system, which has
been integrated with a laboratory robot system.
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In the department „Bioprocesses and Bioanalytics“ of the Juelich biotechnology institute IBG-1
an integrated small scale cultivation platform was
established, which allows for a highly accelerated characterization of biotechnological production
organisms. The Jülich bioprocess optimization sys-

22.

P. Droste, W. Wiechert, K. Noeh, Semi-automatic drawing of metabolic networks, Inform Visual, 11 (2012) 171-187.

High-Performance Simulation for Biochemical Network Analysis

As a further important application of biochemical network analysis the completely revised version
of the internationally introduced software system
13CFLUX for modeling, simulation and evaluation
of isotope labeling experiments was at released
via a web server. 13CFLUX2 is currently the most
extensive and best performing system worldwide. An extension of the simulator for isotopically
non-stationary flux analysis was implemented and
ported to the Jülich Supercomputer JUROPA. This
parallelization allows simulations and parameter
estimation even for extensive network models by
using a universal approach.

In recent time results on network modeling and metabolic flux analysis were published for the procariotes Corynebacterium glutamicum, Gluconobacter

Fig.: Genome scale model of Corynebacterium glutamicum
containing 405 metabolites and 538 reactions, which are
grouped in 25 metabolic pathways (shown color-coded).

oxydans, Mycobacterium tuberculosis, Pseudomonas fluorescens, the Eukaryotes Penicillium chrysogenum, and HEK cell lines. - read more -
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Biochemical network modeling is a central activity of the “Modeling and Simulation” department
of the Jülich biotechnology institute IBG-1. Large
scale modeling of the biochemical networks inside a biotechnological production organism is of
highest importance for the rational design of new
production strains. Particularly, so called constraint based methods relying on the stoichiometry
of these networks are well established in metabolic
engineering. In the recent year, a genome scale
stoichiometric model of C. glutamicum was developed and implemented with the network visualization
tool Omix.
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P. Engel, L. Hein, A.C. Spiess, Derivatization-free gel permeation chromatography elucidates enzymatic cellulose hydrolysis, Biotechnology for Biofuels, 5.

Novel cellulose chain length analytics without derivatization
The current standard method for cellulose chain
length analytics is based on the reaction of the
sample with the harmful reactant phenylisothiocyanate in order to obtain a fully substituted and dissolved cellulose derivative suitable for GPC ana-

lysis. We developed a GPC-based method using
a mixture of the ionic liquid EMIM AC with the
molecular solvent DMF as an eluent that does not
require a chemical sample preparation step. Due to
the fast sample preparation, the method allows for

monitoring of variations in the cellulose degradation
process (Fig. 1) and thereby, assists the further
development of biobased economy. - read more -

Fig. 1. Monitoring of differential weight distributions of untreated (A) and regenerated (B) cellulose Avicel after
different enzymatic
DMF hydrolysis times.

Fig. 1: Changes in differential weight distributions at different times during enzymatic hydrolysis. Untreated (left) and regenerated (right) cellulose using Avicel. Areas under the curves were adjusted
to represent weight loss during the hydrolysis. Enzymatic hydrolysis performed at 45°C using 0.25 g/L desalted Celluclast® in 0.1 M NaAc buffer pH 4.8. Eluent DMF/10% (v/v) EMIM Ac, flow rate
0.5 mL/min.
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P. Engel, S. Krull, B. Seiferheld, A.C. Spiess, Rational approach to optimize cellulase mixtures for hydrolysis of regenerated cellulose containing residual ionic liquid, Bioresource Technology, 115 27-34.

Solvent-based biomass pretreatment promises a
mild pretreatment without chemical degradation of
the biopolymers. Thereby, the solvent pretreatment
together with enzymatic biopolymer degradation is
ideally suited to obtain the biomass monomers.
Although the solvent pretreatment shows a positive
impact on the biomass structure for enzymatic degradation, any residual solvents from pretreatment
reduce the enzymatic activity.
We developed a simply parameterizable mathematical model which only needs enzyme activity and
stability as a function of the solvents for characterizing the solvent influence and enzyme binding
constant, maximal activity and degree of synergism
for characterizing the cellulose substrate influence.
Using that model, we were able to predict the performance of different adapted cellulase mixtures
under residual solvent and non-solvent conditions
(Fig. 2). - read more -

Fig. 2. Model-based prediction of hydrolysis of 10 g/L regenerated α-cellulose with and without 10% (v/v) residual MMIM-DMP
using a designed cellulase mixture consisting of 40 % (m/m) CBH I and 60 % (m/m) EG I in comparison to the natural mixture.
0.1 M Na Ac buffer, pH 4.8, 45 °C.
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Model-based prediction of solvent influence on enzymes in biomass processing
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A. Dose, J.O. Jost, A.C. Spiess, P. Henklein, M. Beyermann, D. Schwarzer, Facile synthesis of colorimetric histone deacetylase substrates, Chemical Communications, 48 9525-9527.

Enzyme kinetic analysis supports the search for suitable histone deacetylase assay
substrates

Fig. 4: Structure of the histone deacetylase sirtuin I

Fig. 3. Anti-ageing resveratrol as a potential HDAC activator .
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Histone deacetylases (HDAC) are enzymes that
control human gene expression by epigenetic modification. HDAC inhibitors are investigated as potent cancer drugs, whereas HDAC activators such
as the red-wine component resveratrol (Fig. 3) are
believed to increase the life-span. In the group
of Dirk Schwarzer, Heidelberg, HDAC assay substrates are synthesized for unambiguous in-vitro
testing of HDAC activation or inhibition.
The analysis of the enzyme kinetics of the HDAC
sirtuin I using a novel substrate by the Schwarzer
group showed no activation by resveratrol, suggesting that only an interaction of the test substrate
with the ‘activator’ resveratrol was responsible for
the earlier observed in-vitro effect. - read more -
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Pilot scale oxygen production by means of ceramic membranes

MechanicalProcessEngineering

Ceramic mixed ion electron conducting membranes
offer a potential for high temperature air separation,
since their infinite selectivity allows providing high
purity oxygen from air. These membranes have attracted interest of research group for many years,
but up to now the application has not exceeded laboratory experiments or small scale demonstration.
In 2012, AVT.MVT has taken a membrane module into operation with a membrane area of up to
14m², which is among the leading sizes for ceramic
oxygen transport membrane modules in Europe.
The symmetric assembly is capable of 600 tubular
membranes with a length of 500 mm and a diameter of 15 mm. The membranes consist of BSCF
and are fabricated by the Institute for Materials Applications in Mechanical Engineering.
To reach a sufficient oxygen partial pressure
gradient, which is the driving force the membrane process, the module can operate at high feed
air pressure of up to 20 bar, vacuum pressure of
50mbar and temperatures of 900°C. The module
is currently operating in long term tests with reduced capacity and provides more than 1m³/h of
oxygen with purity above 98%. - read more -
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Modelling of flow properties of aluminum alloys with contamination particles
The DFG project with the title „Characterisation
and Modelling of the Flow Behaviour of Liquid and
Semi-Solid Alloys with and without the Presence of
Contamination Particles“, was a cooperation project
with participants from RWTH Aachen, (GI, AVT,
ACCESS e.V.) and TU Darmstadt.
The occurrence of casting defects in complex aluminium parts is caused by several intricate phenomena occurring during casting and solidification.
Casting defects such as porosities are generally
known to be influenced by the presence of oxide
particles in the melt. Through modern procedures
of fluid mechanics it is possible to follow the distribution of nuclei of porosities during form filling.

called „wall slip“ at the adjacent walls, was modelled as
a function of the shear stress
based on the Kiljanksi model. The experimental model was made available for
collaborating parties for the
implementation in the predictive casting model.
- read more -

MechanicalProcessEngineering

As part of this, one of the project goals was to
predict the flow behaviour during form-filling. AVT‘s
contribution to this was the experimental investigation of the non-linear flow properties of a melt with
and without contamination particles. An empirical
viscosity model with shear rate- (0,001 s-1 to 800
s-1), solid fraction- (0-40 %) and particle size dependency was set up. The material showed shearthinning behaviour following a power-law relation,
and the particle size influence was modelled with
a Krieger- Dougherty approach. As well, the influence of segregation phenomena, leading to a so-
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Mass transfer in falling liquid films

MechanicalProcessEngineering

In many multiphase unit operations in which mass
and/or heat transfer take place, the liquid phase
occurs as a falling film. The transfer rates in laminar-wavy film flows are significantly higher than
in non-wavy laminar films. The kinetic phenomena
underlying the increase in mass and heat transfer
are still not fully understood, since no appropriate
measurement techniques are available.
At the AVT.MVT the planar laser-induced luminescence (PLIL) measurement method was developed. PLIL is capable of measuring the physical absorption of oxygen into a degassed aqueous wavy
film. The method is based on an oxygen sensitive
optical indicator. When the indicator is excited with
UV light it emits phosphorescence. The lifetime of
this emission is dependent on the oxygen concentration.
In order to obtain a 2D-concentration distribution,
a volume element of a falling film is excited with a
thin laser sheet. The emitted phosphorescence is
recorded with an intensified CCD-camera. In this
image the gray value of each pixel corresponds to
the local oxygen concentration. Simultaneously, it
is also possible to determine the film thickness.
Therefore, PLIL enables a detailed look at local
transport processes occurring in the wave hump
and in the capillary wave region of a falling liquid
film. - read more -

Backtocontent

31.

MolecularSimulations
andTransformation
MST

Backtocontent

Prof. Ismail, Ph.D, AVT.MST, Molecular Simulations and Transformation, RWTH Aachen

Molecular dynamics simulations of cellulose dissolution

colleagues in the Tailor-Made Fuels from Biomass
cluster. - read more -

MolecularSimulationsandTransformation

The ability to separate out the various lignocellulosic components of biomass (cellulose, lignin,
and hemicellulose), is a major challenge that must
be overcome to make fuel production from cellulosic biomass environmentally and economically
feasible.
Ionic liquids and media such as „organocat“ and
„organosolv“ have been suggested as potential
dissolution agents for biomass; however, the mechanisms by which these materials operate at a
molecular level are not well understood.
We use molecular dynamics simulations to study
how the structural, thermodynamic, and transport
properties of the solvent media, both in isolation
and interacting with water and cellulose.
By observing how changes in the chemical structure of the solvent media influences the dissolution
process, we can suggest processing conditions and
solvent choices which may improve the efficiency
and effectiveness of the dissolution process.
Furthermore, coupling the atomistic calculations
with coarse-grained methods as well as kinetic
Monte Carlo techniques, we would like to develop
mathematical models capable of simulating the dissolution of entire cellulose bundles.
These models will also yield qualitative and quantitative predictions of behavior that can be compared with results of investigations by experimental
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Many interesting physical and engineering problems take place at interfaces between materials:
for instance, at liquid-vapor interfaces, at liquidsolid interfaces, or where multiple liquids or solids
come into contact.

natives an important step in harnessing their ability.
Using molecular dynamics simulations, we will try
to explore how the chemical structure of the superspreading agent directly influences the spreading
behavior of water on various materials.

Current research in this area is investigating the
problem of superspreading, in which certain surfactants are capable of greatly reducing the surface
tension of water, completely altering its wetting
characteristics at various surfaces.
However, the relative toxicity of these materials
make finding more environmentally friendly alter-

We are also exploring how to study behaviors at
interfaces using multiple different simulation techniques.
In collaboration with Roger Sauer (AICES), we are
studying how molecular dynamics and continuum
mechanics simulations can be used in conjunction
to explore the structure and dynamics of polymer

brushes.
These materials, which are used as coating and
lubricating agents, have a number of properties
which are very different from typical polymer melts
or solutions.
Systematically determining these behaviors are
challenging because of the enormous length and
time scales involved, as well as the large number
of degrees of freedom which must be controlled,
including brush density, chain length of the brush,
and chemical composition of the polymer.
- read more -
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Probing the structure and dynamics of interfaces
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Improved methodologies for molecular simulations

Further techniques are also required to enable atomistic simulations at longer length and time scales.
Even with advances toward exascale computing,
atomistic simulations today are still capable of modeling systems only on the order of tens of nanometers and microseconds.
To circumvent these limitations, we are developing
multiresolution methods that allow for adaptive refinement of the amount of atomistic detail represented in a simulation.
Unlike traditional multiscale methods, these multiresolution methods are adaptable to a large variety
of different systems, and provides built-in strategies
for both the coarse-graining and reverse-mapping

procedures which remove and restore details to the
molecular system.
These methods are also highly efficient, and allow
high degrees of coarsening, enabling hundreds of

repeat units of a polymer to be assigned to a single
coarse „bead.“
- read more -
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In addition to applications, we are also interested
in providing simulation tools that allow us to obtain
results more accurately and efficiently than is possible with existing tools.
We have thus introduced the first implementation
of a particle-particle particle-mesh (PPPM) solver for long-range dispersion interactions between
nonbonded atoms, which is now available as part
of the open-source LAMMPS molecular dynamics
package.
We are also currently developing even more efficient tools, such as a linear-time solver based on the
recently introduced multilevel summation method.
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Incremental Identification of a full model of a two-phase Friedel-Crafts acylation
construction. While the method has been already
validated in a simulated case study, it is applied in
a real experimental study of a multiphase system
for the first time in this work.
The current study [1] comprises a Friedel-Crafts
acylation of anisole in ionic liquid with n-heptane used as a non-reactive second phase. The
mechanism is rather complex which constitutes of
three micro reactions where in the first two steps
reactants (anisole and acetic anhydride) bind to
immobilized lanthanide triflate catalyst and finally

[1] C. Michalik, M. Brendel, W. Marquardt, Incremental Identification of Fluid Multi-Phase Reaction Systems, AIChE Journal 55 (2009) 1009-1022.

spontaneous reaction and unbinding of products
(MAP and acetic acid) occur. - read more -

ProcessSystemsEngineering (PT)

Obtaining exact process models in chemical industry is an important task. As a first step in model
identification procedure, underlying phenomena of
the system should be examined. It is especially difficult in multiphase systems which became popular
in recent years due to their efficiency in catalyst
immobilization and product separation. The difficulty arises from the coupling of reaction and mass
transfer phenomena in such systems. One way to
overcome this is to use initial rates method which
has several drawbacks such as requirement of high
measurement data and illposedness of the signal.
A novel incremental model
identification methodology
developed at Process Systems Engineering Department at RWTH Aachen allows decoupling of reaction
and mass transfer phenomena and hence enables to
identify a full model following
the steps of a model development. This methodology,
tailored to multi-phase systems in previous works avoids the uncertainty in reaction kinetics identification by
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Process- and Product Design
Process synthesis and design are important tasks
in the chemical industry and gain increasing importance in the context of changing feedstocks. Due to
the depletion of fossil resources as a carbon source, there is the need for novel processes to produce platform chemicals, fuels and products from renewable resources like biomass. The identification
of the optimal process routes and the design of the
optimal flowsheets for these novel processes are
complex process synthesis tasks. The availability of
different feedstocks and the variety of possible biobased platform chemicals or products make this
synthesis problem particularly challenging. In ad-

dition, innovative unit operations, hybrid processes
and novel solvents have to be considered during
the design phase to tap the full economical and
sustainability potential.

simulation studies. One impressive example of the
potential of the systematic and optimization-based
design approach was the design of a novel hybrid
extraction–distillation downstream process for the
bio-based production of butanol via acetone–butanol–ethanol (ABE) fermentation [1]. The novel
process design cuts the energy demand and total
annualized cost of existing downstream processes
for bio-butanol production by a large margin.

At AVT.PT optimization-based process design methodologies are developed in order to support and
accelerate the design engineer’s workflow and contribute decisively towards the sustainable solution
of today’s challenging design problems in chemical
engineering. The effort for the conceptual process
design can be considerably reduced by the application of optimization-based methods instead of

-read more-
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[1] Korbinian Krämer, Andreas Harwardt, Rob Bronneberg, Wolfgang Marquardt, Separation of butanol from acetone–butanol–ethanol fermentation by a hybrid extraction–distillation process, Computers
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Sensitivity-driven approaches to distributed model predictive control and moving horizon
state estimation
the solution of the centralized problems. Furthermore, we demonstrated the performance on numerical examples, including a simulated alkylation
process of benzene. The results are promising and
encourage us to explore further the potential of
these methods. - read more -
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have become an important area in control research.
These methods are expected to provide better computational performance compared to centralized methods and to remove possible communication bottlenecks. Furthermore, reliability and maintainability
may be increased. Finally, completely new applications requiring decentralized control and estimation are addressed, such as autonomous vehicles
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At AVT.PT we have recently developed a new sensitivity-driven distributed approach to model predictive control (S-DMPC) [1] and moving horizon state
estimation (S-PMHE) [2]. Assuming a completey
separable objective function of the overall system,
the objective functions of the subsystems are modified to achieve optimality of the distributed schemes. This modification of the objective function of
a given subsystem incorporates a linearization of
the objective functions of the neighboring subsystems. Hence, our methods are “sensitivity-driven”
approaches to distributed optimal control and state
estimation.
of S‐DMPC to the solution of the centralized controller
For both S-DMPC and S-PMHE we have establis- Convergence
Distributed
alkylationprocess
process
Fig.: Convergence of S-DMPC to the solution of the centraFig.: Distributed
alkylation
hed theoretical properties, such as convergence to
lized controller

[1] Holger Scheu, Wolfgang Marquardt: Sensitivity-based coordination in distributed model predictive control. Journal of Process Control, 2011,
21(5), 715 – 728
[2] René Schneider, Holger Scheu, Wolfgang Marquardt: An iterative partition-based moving horizon estimator for large-scale linear systems. In:
ECC 13 (European Control Conference), Zürich, Switzerland, 17-19.07.2013 (accepted)
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Fig.: Illustration of the iterative solution procedure for a
simple QP
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Concentrated solar power (CSP) has the potential of affordable and sustainable electricity production, but there are several challenges that need
to be overcome. Our group uses state-of-the-art
simulation and optimization algorithms and tools to
devise and optimize new as well as existing technologies. We have contributed to the CSPonD concept in which heliostats are placed on a hill and
feed a molten salt bath operating at high temperatures. We have proposed optimal integration
schemes and optimal time-variable operation for
combined power generation and seawater desalination. We have developed tools for site selection
and heliostat placement using elevation data from
public and private geographical information systems. These optimization-based tools have uncovered new arrangements including a natural-tower
concept and a biomimetic spiral for the placement
of heliostats; both result in better land utilization
and higher solar-to-thermal efficiency. We are in
the process of developing schemes for optimal integration of solar with geothermal energy and fossil
fuels. - read more -
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Carbon Capture and Sequestration (CCS)
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Fossil fuels are predicted to cover the majority of
energy needs for several decades, making carbon
capture and sequestration technologies of interest.
We have focused on oxy-fuel combustion, wherein oxygen is separated from air, and combustion
occurs in a nitrogen-free environment, enabling
the CO2 separation via condensation. We consider
both near-term solutions with standard cryogenic
based air-separation units and intermediate-term
solutions with membrane-based separation. We
have proposed optimal design and operation of

the ITEA/ENEL-proprietary coal oxy-combustion
process and have demonstrated that this can be
obtained only when optimization of the chemical
part of the plant and the turbomachinery is done simultaneously. Our optimization results in a process
that is ideally flexible to coal variations and load
following. As part of the optimization and analysis
process we identified a new design criterion for
regenerative Rankine cycles, namely that a pinch
has to occur simultaneously at two places in closed
feedwater heaters. For membrane-based proces-

Mancini et al. Industrial and Engineering Chemistry Research, http://dx.doi.org/10.1021/ie202433g
Zebian et al Energy, http://dx.doi.org/10.1016/j.energy.2011.12.043
Mancini and Mitsos Physical Chemistry Chemical Physics, http://dx.doi.org/10.1039/C1CP23027A

ses we have proposed a novel reactor design and
have analyzed and optimized existing system-level
designs. Moreover, we proposed a new metric for
the comparison of partial emission cycles, which
compares plants at the fleet level, i.e., that a cycle should not be considered if it is outperformed
by linear combinations of alternative cycles. Future
work includes to identify optimal design at the process level and optimal integration with other technologies. - read more -
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wise convergence is stronger than convergence in the Hausg(z) = F (f (z))
scheme for F has βF
dorff metric.
scheme for f has γf ,
γ = min{γf , γF }
inclusion for f has βf,T ≥ 1,
scheme for F has γF

Bompadre et al. Journal of Global Optimization, http://dx.doi.org/10.1007/s10898-012-9998-9
Bompadre and Mitsos. Journal of Global Optimization, http://dx.doi.org/10.1007/s10898-011-9685-2
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Florian Buchbender, AVT.TVT, Thermal Process Engineering, RWTH

Liquid-liquid extraction is becoming increasingly
attractive as a thermal unit operation. This is especially true in light of the future change in chemical feedstock, where more and more bulk chemicals will be produced from biomass. Since the high
oxygen content of these biogenic raw materials
results in low vapour pressure making distillation

unfeasible, extraction will grow in importance. An
alternative to the common design method for extraction columns based on pilot-plant experiments
are lab-scale measurements with single drops and
appropriate simulation of the column behaviour
based on sound models. A drop-population balance model called ReDrop has been developed

at AVT.TVT and has been successfully applied to
pulsed and stirred extraction columns with physical
extraction and reactive systems.
Recent work in cooperation with TU Eindhoven
has shown that the ReDrop concept can not only
be successfully applied to standard-test systems
but also in predicting column behaviour for liquidliquid systems with novel solvents such as ionic
liquids (ILs). Here, hydrodynamic parameters such
as Sauter mean diameters, hold-up and separation performance (see Fig. 1) of a Kühni extractor
were accurately predicted using ReDrop. Since ILs
are relatively new solvents, their availability is lower and corresponding prices are higher compared
to traditional solvents during the early stages of
projects, resulting in considerably higher costs for
pilot-plant experiments. Since single-drop experiments only require very small amounts of substances, this concept could, therefore, be advantageous in the evaluation of the applicability of new
ILs in extraction columns. - read more -

Fig. 1. Comparison of experimentally determined and
simulated concentration profiles in a Kühni column with
the material system heptane (c) + [3-mebupy][DCA] (d) +
toluene (c→d)
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Thomas Harlacher, AVT.CVT, Chemical Process Engineering, RWTH Aachen

Training Course for Membrane Processes 2012

conferences&Workshops

More than 40 participants from industries and
research facilities attended the training course
“Hochschulkurs Membranprozesse” from May 30th
to June 1st 2012 organized by AVT.CVT. Lectures on fundamentals and applications of membrane
processes were given. Case studies on nanofiltration and gas permeation illustrated the calculations
of membrane separation performance. A computer
course was held as well, which covered the design
of a reverse osmosis process including choice of
membrane, variation of module set-up and a cost
analysis of the whole plant. The visit of the laboratories and technical halls gave an overview on current membrane research activities at our institute.
The participants could discuss with staff members
about scientific problems, but also about progresses and problems in industries. New collaborations
arose from these discussions. The social program,
including a guided tour through the historical center
of Aachen and a gala dinner, completed the event.
The next “Hochschulkurs Membranprozesse” will
be held from 4.6 to 6.6. 2014. Contact person for
any information is Serafin Stiefel.
If you are interested in our training courses, please
also check the „Membrane Course for Water Technologies“ (05 – 06 June 2013).
- read more -
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Prof. Wolfgang Wiechert, AVT.CSB, Computational Systems Biotechnology, RWTH Aachen

With 250 participants the first „Jülich Biotech Day“
was organized by the Biotechnology institute IBG-1
at Forschungszentrum Jülich. The symposium on
5th October 2012 offered scientists and representatives from industry the opportunity to gain insights
into the current state of research and development
in industrial biotechnology.
The first keynote lecture was given by Prof. Mattheous Koffas from Rensselaer Polytechnic Institute
(USA) talking about „Development of metabolic engineering and synthetic biology tools for the production of chemicals and biofuels“. Dr. Ralf Kelle
from Evonik Industries then gave an industry opinion on the current state of industrial biotechnology.
A member of AVT, Prof. Jochen Büchs presented
new trends in bioengineering and, finally, Prof. Donald Hilvert from ETH Zurich talked about “Designer enzymes”.
Within the symposium Ms. Desiree Pressnitz from
the Karl-Franzens-University Graz, Austria, was
honored with the “Christian-Wandrey-Award” for
her brilliant master thesis in the field of biocatalysis.
- read more -

Fig.: Organizers and speakers of the first Jülich Biotech Day. From left to right: Prof. Bott, Prof. Pietruszka, Dr. Kelle, Dr. Eggeling, Prof. Büchs, Prof. Koffas, Prof. Jaeger, Dr. Drepper, Prof. Hilvert, Prof. Wiechert.
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Fee Pitsch, Marco Scholz, Johannes Völler-Blumenroth, AVT.CVT, Chemical Process Engineering, RWTH Aachen

AMK 2012
The 31 conference talks were for the major part
presented by industry. Thematically, a wide range of membrane technology applications from applications in health care and life science to large
industrial installations for membrane based water
recovery from chemical processes was covered.
Current reports of notable research institutions, two
keynote sessions and a poster session with 50
posters complemented the program. Selected posters were presented to the audience during a poster parade. Here, the participants could highlight
the most important and innovative aspects of their
research within 60 seconds.

The conference was accompanied by an industrial
exhibition, where membrane producers and operators had the opportunity to present themselves and
their latest developments.
Thus, the AMK 2012 provided a platform where
researchers, manufacturers and operators could
share operational experience and inform themselves about the latest developments in the industrial
application of membrane technology.
We are looking forward to the 15th AMK, taking
place in Aachen November 12th -13th 2014.
- read more -

conferences&Workshops

The 14th AMK, the conference on industrial membrane applications, organized by the Chair of Chemical Process Engineering at AVT, took place in
2012. More than 170 participants were for the first
time welcomed at Campus Melaten during the Welcome Reception in the atrium of the DWI. The
participants had the opportunity to visit the new
labs and experimental setups of the AVT within
the DWI, ITMC and the chemistry technical center.
Many guests showed themselves impressed with
the facilities now available for membrane research.
During the conference, the focus was placed on
industrial applications of membrane technology.
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External Conferences
AVT professors were involved in the following conferences and workshops
by organizing sessions or being members in the scientific committee:
•

Modeling Materials Workshop,
14-17 August 2012 (Aachen, Germany)

•

KIM Content Carnival,
20-23 August 2012 (Aachen, Germany)

•

ASME 2012 International Mechanical Engineering Congress & Exposition,
9-15 November 2012 (Houston, USA) -read more-

•

POEM 2012 Power Options for the Eastern Mediterranean Region,
19-21 November 2012 (Limassol, Cyprus) -read more-

•

FIPSE 2012 Future Innovation in Process System Engineering,
29-31 August 2012 (Aldemar, Greece) -read more-

•

ESBES Bioprocess Engineering Course
2-7 September 2012 (Brac, Croatia) -read more-

-read more-

conferences&Workshops

-read more-
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Anja Wilmig, BioVT

Werner Eberhard, BioVT

Gernot Jäger, BioVT

David Ullisch, BioVT

Lars Regestein, BioVT

Sven Hansen, BioVT

Jozef Kochan, CVT

Sven Lyko, CVT

Atiya ElSheikh, CSB

Peter Rohe, CSB

Philip Engel, EPT

Stefan Engels, MVT

Korbinian Krämer, PT

Ralf Hannemann-Tamás, PT

Arndt Hartwich, PT

Lynn Würth, PT

Andreas Harwardt, PT

Rob Bronneberg, TVT
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Doctorates

•

•
•
•
•
•

Dr.rer.nat. Anja Wilming on 17.04.2012:
Metabolic Studies of Bacillus licheniformis Using Small Scale Batch, Fed-Batch and Continuous Cultivations

Dr.-Ing. Werner Eberhard on 29.06.2012:
Übertragung der Produktion hydrophober Substanzen mit immobilisierten Biokatalysatoren
in den technischen Labormaßstab
Dr.rer.nat. Gernot Jäger on 08.08.2012:
Biocatalytic Conversion of Cellulose towards Itaconic Acid

Dr.rer.nat. David Ullisch on 17.09.2012:
A Fundamental Research of Growth, Metabolism and Product Formation of Tobacco Suspension Cells at Different Scales

Dr.-Ing. Lars Regestein on 30.11.2012:
Design and Application of Calorimeters for Monitoring Biological Processes in Stirred Tank
Bioreactors
Dr.-Ing. Sven Hansen on 13.12.2012:
Weiterentwicklung einer Methode zur Bestimmung von Atmungsraten in geschüttelten Bioreaktoren

CVT (Univ.-Prof. M. Wessling)

•
•

Dr.-Ing. Jozef Kochan on 17.10.2012:
Layer-by-Layer Engineering of Ultrafiltration Membranes

Dr.-Ing. Sven Lyko on 19.10.2012:
Zeit- und Anlagengrößenabhängiges Foulingverhalten in kommunalen Membranbelebungsanlagen

CSB (Univ.-Prof. W. Wiechert)
•
•

EPT (Univ.-Prof. A. Spieß)

•

Dr.rer.nat. Philip Engel on 04.10.2012:
Exploring Pretreatment with Ionic Liquids for Enzymatic Cellulose Hydrolysis

MVT (Univ.-Prof. M. Modigell)

•

Dr.-Ing. Stefan Engels on 10.02.2012:
Transporteigenschaften gemischtleitender Hochtemperaturmembranen zur Sauerstoffabtrennung

PT (Univ.-Prof. W. Marquardt)
•
•
•
•
•

Dr.-Ing. Korbinian Krämer on 31.01.2012:
Optimization-based Synthesis of Hybrid Separation Processes

Dr.rer.nat. Ralf Hannemann-Tamás on 28.02.2012:
Adjoint Sensitivity Analysis for Optimal Control of Non-Smooth Differential-Algebraic Equations.

Dr.-Ing. Arndt Hartwich on 09.07.2012:
Adaptive Numerical methods for Dynamic Real-Time Optimization of Chemical Processes.
Dr.-Ing. Lynn Würth on 22.10.2012 (in press):
Dynamic Real-Time Optimization for Economically Optimal Operation of Chemical Processes
Dr.-Ing. Andreas Harwardt on 05.12.2012:
Systematic Design of Separations for processing of biorenewables

TVT (Univ.-Prof. A. Pfennig)
•

Dr.-Ing. Rob Bronneberg on 06.07.2012:
MOQUAC, a New Expression for the Excess Gibbs Free Energy Based on Molecular Orientations

Dr.-Ing. Atiya ElSheikh on 31.01.2012:
Modelica-Based Computational Tools for Sensitivity Analysis via Automatic Differentiation

Dr.-Ing. Peter Rohe on 27.09.2012:
Prozessnahe Hochdurchsatzoptimierung der heterologen Proteinexpression in alternativen
Wirtsorganismen
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Awards

Dr. Clemens Fritzmann
Dr. Steffen Bütehorn
Frederike Carstensen
Theresa Lohaus

EPT:

Simon Roth

BioVT:

Lena Meißner

MST:

Rolf Isele-Holder

SVT:

Prof. A.Mitsos

Willy Hager Award (DECHEMA)
2012 EFCE Excellence Award in Membrane
Engineering
Poster Award at ProcessNet Information Day
Membrane Technology
Scholarship of the „Stiftung Industrieforschung“
to write her master thesis
Springorum Commemorative Medal for Master
of Science with honors
Springorum Commemorative Medal for Master
of Science with honors
Friedrich-Wilhelm Prize for outstanding master‘s
thesis

graduationsandawards

CVT:

Excellence in Reviewing, Computers & Chemical
Engineering
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CSB:

Prof. Wolfgang Wiechert

Appointed as member of the German National Academy of Science and
Engineering

Dr. Peter Droste

Nominated for the AC2-Innovation Award of Aachen

Friedrich Käß

Young Talent Award at the 2nd BioProScale Symposium, Berlin,
14-16.03.2012

Thomas Latzko

Best Paper Award at the European Simulation & Modeling Symposium
ESM2012, Essen, 22.-24.10.2012.

Dr. Eric von Lieres

Young Talent Award for Lecturers 2012 at the 13.th DECHEMA lecture
meeting for Technical Chemistry and Biochemistry.

Steffen Ostermann

Poster Award at the3rd International Conference on Acetic Acid Bacteria
(AAB2012), Cordoba, Spain, 17.-20.04.2012.

Dr. Nicole Paczia

Best Dissertation Award by the Society of Friends and Benefactors of
the Bielefeld University.

Robert Westphal

Poster Award at the conference Trends in Enzymology 2012, Göttingen,
03.-06.06.2012.

graduationsandawards

Awards

Poster Award at Biocat 2012, Hamburg, 02.– 06.09.2012.
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Peer-reviewed publications
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•
•
•
•
•
•
•
•
•
•
•

[1] C. Bähr, B. Leuchtle, C. Lehmann, J. Becker, M. Jeude, F. Peinemann, R. Arbter, J. Büchs, Dialysis shake flask for effective screening in fed-batch mode,
Biochemical Engineering Journal, 69 (2012) 182-195.
[2] C. Bähr, E. Stammen, R. Thiele, S. Bohm, K. Dilger, J. Büchs, Withstanding frequent steam sterilisation: Innovative technique to bond glass and stainless
steel composites in biotechnology and endoscopic medicine, International Journal of Adhesion and Adhesives, 33 (2012) 15-25.
[3] W. Eberhard, G. Jäger, J.P.C. Pinto, A.C. Spiess, J. Büchs, Determining complete suspension of immobilized enzymes by analysis of digital camera images,
Chemical Engineering Communications, 199 (2012) 720-736.
[4] S. Hansen, I. Hariskos, B. Luchterhand, J. Büchs, Development of a modified respiration activity monitoring system for accurate and highly resolved measurement of respiration activity in shake flask fermentations, Journal of biological engineering, 6 (2012) 11-11.
[5] G. Jäger, J. Büchs, Biocatalytic conversion of lignocellulose to platform chemicals, Biotechnology journal, 7 (2012) 1122-1136.

[6] T. Klement, S. Milker, G. Jäger, P.M. Grande, P.D. de Maria, J. Büchs, Biomass pretreatment affects Ustilago maydis in producing itaconic acid, Microbial
Cell Factories, 11 (2012).
[7] W. Klöckner, J. Büchs, Advances in shaking technologies, Trends in Biotechnology, 30 (2012) 307-314.

[8] W. Klöckner, S. Tissot, F. Wurm, J. Büchs, Power input correlation to characterize the hydrodynamics of cylindrical orbitally shaken bioreactors, Biochemical
Engineering Journal, 65 (2012) 63-69.
[9] J. Kochan, M. Scheidle, J. van Erkel, M. Bikel, J. Büchs, J.E. Wong, T. Melin, M. Wessling, Characterization of antibacterial polyethersulfone membranes
using the respiration activity monitoring system (RAMOS), Water Research, 46 (2012) 5401-5409.

[10] M. Kunze, R. Huber, C. Gutjahr, S. Müllner, J. Büchs, Predictive tool for recombinant protein production in Escherichia coli shake flask cultures using an
on-line monitoring system, Biotechnology Progress, 28 (2012) 103-113.

[11] N. Mehmood, E. Olmos, J.L. Goergen, F. Blanchard, P. Marchal, W. Klöckner, J. Büchs, S. Delaunay, Decoupling of oxygen transfer and power dissipation
for the study of the production of pristinamycins by Streptomyces pristinaespiralis in shaking flasks, Biochemical Engineering Journal, 68 (2012) 25-33.

[12] K. Nagayama, A.C. Spiess, J. Büchs, Enhanced catalytic performance of immobilized Parvibaculum lavamentivorans alcohol dehydrogenase in a gas phase
bioreactor using glycerol as an additive, Chemical Engineering Journal, 207 (2012) 342-348.
[13] C. Núñez, C. Peña, W. Klöckner, A. Hernández-Eligio, A.V. Bogachev, S. Moreno, J. Guzmán, J. Büchs, G. Espín, Alginate synthesis in Azotobacter vinelandii is increased by reducing the intracellular production of ubiquinone, Applied Microbiology and Biotechnology, 97 (2013) 2503-2512.
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[14] J. Potzkei, M. Kunze, T. Drepper, T. Gensch, K.-E. Jäger, J. Büchs, Real-time determination of intracellular oxygen in bacteria using a genetically encoded
FRET-based biosensor, Bmc Biology, 10 (2012).

[15] L. Regestein, A. Wolf, H.J. Schneider, T. Maskow, F. Mertens, J. Büchs, J. Lerchner, A chip calorimeter for the monitoring of conventional bioreactors at
elevated cell concentrations, Thermochimica Acta, 544 (2012) 10-16.

[16] E.-M. Siepert, E. Gartz, M.K. Tur, H. Delbrück, S. Barth, J. Büchs, Short-chain fluorescent tryptophan tags for on-line detection of functional recombinant
proteins, Bmc Biotechnology, 12 (2012).

[17] D.A. Ullisch, C.A. Müller, S. Maibaum, J. Kirchhoff, A. Schiermeyer, S. Schillberg, J.L. Roberts, W. Treffenfeldt, J. Büchs, Comprehensive characterization
of two different Nicotiana tabacum cell lines leads to doubled GFP and HA protein production by media optimization, Journal of Bioscience and Bioengineering,
113 (2012) 242-248.
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[1] C. Abels, C. Redepenning, A. Moll, T. Melin, M. Wessling, Simple purification of ionic liquid solvents by nanofiltration in biorefining of lignocellulosic substrates,
Journal of Membrane Science, 405 (2012) 1-10.
[2] M. Ajhar, S. Bannwarth, K.H. Stollenwerk, G. Spalding, S. Yuce, M. Wessling, T. Melin, Siloxane removal using silicone-rubber membranes, Sep Purif
Technol, 89 (2012) 234-244.

[3] A. Alhadidi, B. Blankert, A.J.B. Kemperman, J.C. Schippers, M. Wessling, W.G.J. van der Meer, Sensitivity of SDI for experimental errors, Desalin Water
Treat, 40 (2012) 100-117.
[4] A. Alhadidi, A.J.B. Kemperman, J.C. Schippers, M. Wessling, W.G.J. van der Meer, SDI: is it a reliable fouling index?, Desalin Water Treat, 42 (2012) 4348.
[5] A. Alhadidi, A.J.B. Kemperman, R. Schurer, J.C. Schippers, M. Wessling, W.G.J. van der Meer, Using SDI, SDI+ and MFI to evaluate fouling in a UF/RO
desalination pilot plant, Desalination, 285 (2012) 153-162.

[6] H.C. Aran, H. Klooster, J.M. Jani, M. Wessling, L. Lefferts, R.G.H. Lammertink, Influence of geometrical and operational parameters on the performance of
porous catalytic membrane reactors, Chemical Engineering Journal, 207 (2012) 814-821.
[7] F. Broens, D. Menne, I. Pothof, B. Blankert, H.D.W. Roesink, H. Futselaar, R.G.H. Lammertink, M. Wessling, Water hammer reduces fouling during natural
water ultrafiltration, Water Res, 46 (2012) 1113-1120.

[8] S. Buetehorn, M. Brannock, P. Le-Clech, G. Leslie, D. Volmering, K. Vossenkaul, T. Wintgens, M. Wessling, T. Melin, Limitations for transferring lab-scale
microfiltration results to large-scale membrane bioreactor (MBR) processes, Sep Purif Technol, 95 (2012) 202-215.
[9] F. Carstensen, A. Apel, M. Wessling, In situ product recovery: Submerged membranes vs. external loop membranes, Journal of Membrane Science, 394
(2012) 1-36.

[10] F. Carstensen, C. Marx, J. Andre, T. Melin, M. Wessling, Reverse-flow diafiltration for continuous in situ product recovery, Journal of Membrane Science,
421 (2012) 39-50.
[11] M. Dalwani, J.M. Zheng, M. Hempenius, M.J.T. Raaijmakers, C.M. Doherty, A.J. Hill, M. Wessling, N.E. Benes, Ultra-thin hybrid polyhedral silsesquioxane-polyamide films with potentially unlimited 2D dimensions, J Mater Chem, 22 (2012) 14835-14838.

[12] S.M. Dutczak, C.R. Tanardi, K.K. Kopec, M. Wessling, D. Stamatialis, „Chemistry in a spinneret“ to fabricate hollow fibers for organic solvent filtration, Sep
Purif Technol, 86 (2012) 183-189.
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[13] T. Harlacher, M. Scholz, T. Melin, M. Wessling, Optimizing argon recovery: Membrane separation of carbon monoxide at high concentrations via the water
gas shift, Ind Eng Chem Res, 51 (2012) 12463-12470.

[14] J.M. Jani, H.C. Aran, M. Wessling, R.G.H. Lammertink, Modeling of gas-liquid reactions in porous membrane microreactors, Journal of Membrane Science,
419 (2012) 57-64.
[15] J.M. Jani, M. Wessling, R.G.H. Lammertink, A microgrooved membrane based gas-liquid contactor, Microfluid Nanofluid, 13 (2012) 499-509.

[16] J. Kochan, M. Scheidle, J. van Erkel, M. Bikel, J. Buchs, J.E. Wong, T. Melin, M. Wessling, Characterization of antibacterial polyethersulfone membranes
using the respiration activity monitoring system (RAMOS), Water Res, 46 (2012) 5401-5409.

[17] K.K. Kopec, M. Wessling, D.F. Stamatialis, Porous membrane structures as stationary phase for capillary electrochromatography, Electrophoresis, 33 (2012)
2892-2895.

[18] M.W.J. Luiten-Olieman, M.J.T. Raaijmakers, L. Winnubst, T.C. Bor, M. Wessling, A. Nijmeijer, N.E. Benes, Towards a generic method for inorganic porous
hollow fibers preparation with shrinkage-controlled small radial dimensions, applied to Al2O3, Ni, SiC, stainless steel, and YSZ, Journal of Membrane Science,
407 (2012) 155-163.
[19] G. Merle, S.S. Hosseiny, M. Wessling, K. Nijmeijer, New cross-linked PVA based polymer electrolyte membranes for alkaline fuel cells, Journal of Membrane Science, 409 (2012) 191-199.

[20] W. Ogieglo, H. Wormeester, M. Wessling, N.E. Benes, Spectroscopic ellipsometry analysis of a thin film composite membrane consisting of polysulfone on
a porous alpha-alumina support, Acs Appl Mater Inter, 4 (2012) 935-943.

[21] F. Pitsch, F.F. Krull, F. Agel, P. Schulz, P. Wasserscheid, T. Melin, M. Wessling, An adaptive self-healing Ionic liquid nanocomposite membrane for olefinparaffin separations, Adv Mater, 24 (2012) 4306-+.

[22] M.S.L. Tijink, M. Wester, J.F. Sun, A. Saris, L.A.M. Bolhuis-Versteeg, S. Saiful, J.A. Joles, Z. Borneman, M. Wessling, D.F. Stamatialis, A novel approach
for blood purification: Mixed-matrix membranes combining diffusion and adsorption in one step, Acta Biomater, 8 (2012) 2279-2287.
[23] R. Truckenmuller, S. Giselbrecht, M. Escalante-Marun, M. Groenendijk, B. Papenburg, N. Rivron, H. Unadkat, V. Saile, V. Subramaniam, A. van den
Berg, C. van Blitterswijk, M. Wessling, J. de Boer, D. Stamatialis, Fabrication of cell container arrays with overlaid surface topographies, Biomed Microdevices,
14 (2012) 95-107.
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[24] H.V. Unadkat, M. Hulsman, K. Cornelissen, B.J. Papenburg, R.K. Truckenmuller, A.E. Carpenter, M. Wessling, G.F. Post, M. Uetz, M.J.T. Reinders, D.
Stamatialis, C.A. van Blitterswijk, J. de Boer, An algorithm-based topographical biomaterials library to instruct cell fate (vol 108, pg 16565, 2011), P Natl Acad
Sci USA, 109 (2012) 5905-5905.
[25] F. Yan, A.L. Ding, M. Girones, R.G.H. Lammertink, M. Wessling, L. Borger, K. Vilsmeier, W.A. Goedel, Hierarchically structured assembly of polymer microsieves, made by a combination of phase separation micromolding and float-casting, Adv Mater, 24 (2012) 1551-1557.

[26] H.J. Zwijnenberg, S.M. Dutczak, M.E. Boerrigter, M.A. Hempenius, M.W.J. Luiten-Olieman, N.E. Benes, M. Wessling, D. Stamatialis, Important factors
influencing molecular weight cut-off determination of membranes in organic solvents, Journal of Membrane Science, 390 (2012) 211-217.
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[1] P. Droste, W. Wiechert, K. Nöh, Semi-automatic drawing of metabolic networks information visualization (2012) 11, 171 - 187.

[2] P. Francis, E. von Lieres, C. Haynes, Zonal rate model for stacked membrane chromatography part II: characterizing ion-exchange membrane chromatography
under protein retention conditions Biotechnology & Bioengineering, (2012) 109: 615 - 629
[3] T. Gerhards, U. Mackfeld, E. von Lieres, W. Wiechert, M. Pohl, D. Rother, Influence of organic solvents on enzymatic asymmetric carboligations advanced
synthesis & catalysis (2012) 354(14-15), 2805–2820

[4] P. Ghosh, K. Vahedipour, M. Lin, J.H. Vogel, C.A. Haynes, E. von Lieres, Zonal rate model for axial and radial flow membrane chromatography. Part I:
Knowledge transfer across operating conditions and scales biotechnolology & bioengineering, Article first published online November 23, (2012).

[5] A. Grünberger, J. van Ooyen, N. Paczia, P. Rohe, G. Schiendzielorz, L. Eggeling, W. Wiechert, D. Kohlheyer, S. Noack, Beyond growth rate 0.6: Corynebacterium glutamicum cultivated in highly diluted environments biotechnology and bioengineering, Article first published online August 13, (2012).

[6] A. Grünberger, N. Paczia, C. Probst, G. Schendzielorz, L. Eggeling, S. Noack, W. Wiechert, D. Kohlheyer, A disposable picolitre bioreactor for cultivation
and investigation of industrially relevant bacteria on the single cell level Lab on a chip (2012) 12, 2060 - 2068.
[7] A. Osberghaus, P. Baumann, S. Hepbildikler, S. Nath, M. Haindl, E. von Lieres, J. Hubbuch, Detection, quantification, and propagation of uncertainty in
high-throughput experimentation by monte carlo methods, Chemical Engineering & Technology, (2012) 35: 1456 - 1464.

[8] A. Osberghaus, K. Drechsel, S. Hansen, S. Hepbildikler, S. Nath, M. Haindl, E. von Lieres, J. Hubbuch, Model-integrated process development demonstrated on the optimization of a robotic cation exchange step, Chemical Engineering Science, (2012) 76: 129 - 139
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