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Preface

Two years ago, I thought that ChatGPT did not need to be mentioned in the ICP annual report
because we do not do Large Language Model (LLM) research. Last year, however, it seemed
worth mentioning as a topic and I outlined a vision for applications in the field of software tools for
physical simulation [1]. I would now like to return to the topic and report on the use of the new tool
in teaching. We have challenges and interesting new use cases for both lecturers and students.

In teaching, a profound change due to the existence of LLMs can be recognised in tasks where
students have to submit a report. It is undisputed that developing thoughts and formulating them
in words is an important mental activity for students that promotes the learning process. If we stick
to the report form as before, the brain activity will no longer be a creative activity, but rather a pas-
sive (at best critical) counter-reading of texts generated by ChatGPT. Instead of writing a report,
however, the LLM can enter into an interactive dialogue with students and follow their thoughts.
The dialogue encourages students to think for themselves and removes a barrier, especially for
the more introvert or shy students. A concrete example: in preparation for the end-of-semester
oral exam in physics, I provided students with a customised chatbot that formulates questions and
receives answers. These are voluntary learning units to simulate the oral exam. I am then present
in the practice sessions, and I am offering something more than the LLM with solving oral exercises
at the blackboard. The discussions are stimulating, because you get direct student feedback in a
personal exchange, can be directly present at some of the aha moments and recognise the real
hurdles in the subject better.

Interested in this digital mentor ? The tool is available free of charge within the ZHAW [2]. It was
funded by the Transformative Educational Fund [3] and programmed by Kurt Pernstich. It is cur-
rently being used in a beta test version in some places. The tool allows lecturers to create new
digital assistants which are instructed in normal language about the scope of the subject and their
specific tasks in dialogue with the students. A corresponding tutorial is included in the tool. We
are looking forward to your feedback.

I now recommend that you continue reading the short reports on ICP’s research projects. I would
like to thank the entire ICP team, on the one hand for their great commitment, but at least as much
for the pleasant working atmosphere and the inspiration.

Andreas Witzig, Head of ICP

Links:
[1] https://www.zhaw.ch/de/engineering/institute-zentren/icp/forschungsberichte
[2] https://mentormate.zhaw.ch
[3] https://www.zhaw.ch/en/focus-topics/zhaw-digital/education/tef
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1 Multiphysics Modeling

Multiphysics modeling is a powerful tool for exploring a wide range of phenomena, coupling flow,
structure, electro-magnetic, thermodynamic, chemical and/or acoustic effects. The past decades
have been a period of rapid progress in this area. In fact, the possible range of applications
has been widely expanded and numerical methods have become increasingly sophisticated and
adapted to exploit available computational resources. Today, detailed physical-chemical models
combined with robust numerical solution methods are almost a necessity for the design and opti-
mization of multifunctional technical devices and processes.

At the ICP, we perform applied research in the field of multiphysics modeling and develop finite ele-
ment as well as finite volume simulation software. Our extensive experience in numerical analysis,
modeling and simulation allows us to successfully apply simulation-based optimization in many
fields. We are familiar with a wide range of governing physical equations and find numerical so-
lutions even when the effects are closely interrelated. We also develop single-purpose numerical
tools tailored to the specific needs of our partners, and we use commercial software where it is
more suitable. Our specialties in this context include the application, extension and development
of coupled models using our own finite element software SESES, the fluid dynamics software
OpenFoam (open source) and commercially available products such as COMSOL.

A. Schubiger C. Fiant D. Meier G. Sartoris L. Holzer

L. Keller P. Marmet Y. Safa G. Marcello G. Boiger

T. Hocker S. Ehrat
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1.1 Thermal Design Lab - Determining the thermophysical prop-
erties of liquids and solids

In our R&E projects, we support our project partners with physical computer simulations.
Their accuracy requires reliable material data, which is often not available in the literature
and therefore requires our own measurements.

Contributors: S. Ehrat, G. Martins Marcello, T. Hocker
Partners: Medyria AG, Universitätsspital Zürich (USZ)
Funding: ICP, Innosuisse
Duration: Fortlaufend

Various measuring instruments are available in the
Thermal Design Lab to analyze the thermophys-
ical properties of liquids. The density of a liquid
can be determined with the portable density me-
ter "DMA 35" from Anton Paar, while the rotational
viscometer "ViscoQC 300L" is used to specify the
viscosity.
For thermal conductivity and specific heat, an ex-
cellent instrument for measuring thermophysical
properties was recently acquired in the form of the
"MP-V" from Thermtest. This versatile measuring
platform can be equipped with different sensors to
determine the thermal conductivity of solids, liq-
uids, pastes and powders. The transient measur-
ing principle is based on the time-dependent T-
curve of the heating process by a constant heat
source. This allows short measuring times and
therefore an excellent measuring throughput. In
addition, different modules in the measurement
software allow the measurement of thin-film or
anisotropic materials.

Fig. 1: Thermal conductivity measurement "S34" (sucrose-
water) with measurement inaccuracy (3σ) compared to the
literature values [1].

Different sugar and glycerine-water solutions were
measured in order to evaluate the measurement
procedure for the different instruments and to as-

sess their accuracy against literature values. The
figures show the measurement results (blue dots)
for the heat transfer properties of a 33.72 M%
sucrose-water mixture compared with the literature
values (black line) [1][2].
After an additional correction of the measured
data, which is carried out via a reference measure-
ment with a model substance, the measured data
show perfect agreement with the respective liter-
ature values. This applies to all sugar-water and
glycerine-water mixtures that were analysed. Fur-
thermore, the densities and dynamic viscosities
were checked, which also show excellent agree-
ment with the literature.

Fig. 1: Heat capacity measurement "S34" (sucrose-water)
with measurement inaccuracy (3σ) compared to the litera-
ture values [1].

In addition to liquids, the MP-V can also be used
to measure solids and thin-film materials. The re-
quired sensors and software licences are available
for this purpose.

Literature:
[1] Ferenc A. Mohos, Confectionery and Chocolate
Engineering: Principles and Applications, 2nd Edi-
tion, John Wiley & Sons, 2017.
[2] Mosen Asadi PhD, Beet-Sugar Handbook, John
Wiley & Sons, 2005.
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1.2 Corrosion of multiphasic titanium alloy implants

Titanium alloys are frequently used for implants in the human body. Despite the excel-
lent corrosion resistance of these alloys, oxidizing species produced during inflammatory
episodes can lead to a corrosive attack. In this project, a Swiss/French consortium will
reveal the basic mechanisms of the corrosion of additive manufactured titanium implants
using a combination of experimental methods and mathematical modelling.

Contributors: P. Marmet, Y. Safa, L. Holzer
Partners: Thermomechical Metalurgy Lab (EPFL), Institut de la Corrosion Brest France,

Laboratoire de Réactivité de Surface Sorbonne France
Funding: SNSF, French National Research Agency
Duration: 2023–2026

Titanium and its alloys are among the most widely
used biocompatible materials as implants in the
human body. However, they may deteriorate un-
der the influence of several electrochemical, me-
chanical and biological factors. The corrosion re-
sistance of titanium is mainly attributed to the pres-
ence of a thin passive layer on its surface, but this
layer degrades in the presence of oxidizing species
produced during inflammatory episodes, such as
hydrogen peroxide or radicals that alter the pas-
sive film, leading to corrosion of the metal. In
this project, a consortium of partners from France
and Switzerland works together to reveal the ba-
sic mechanisms of the corrosion of additive man-
ufactured Ti6Al4V implants using a combination
of experimental methods and modelling. Fig. 1
presents the cross-section of a corroded Ti6Al4V
sample after exposure to a PBS solution contain-
ing 3 % hydrogen peroxide for 10 days. A uniform
dissolution of the β-phase is observed, extending
to a depth of approximately 70µm. To interpret the
electrochemical corrosion experiments, the corre-
sponding impedance spectra are modeled using

the actual geometry of the β-phase, reconstructed
from FIB-SEM tomography (Fig. 2a, b). These
structural data serve as the basis for frequency-
domain simulations performed within Comsol Mul-
tiphysics (Fig. 2c, d), enabling the identification of
microstructural influences on the electrochemical
measurements (e.g., de Levie impedance feature).

Fig. 1: Cross-section of a corroded Ti6Al4V sample.

Fig. 2: Simulation of the electrochemical impedance spectra: a) and b) 3D Geometry from FIB-SEM tomog-
raphy, c) and d) FEM frequency-domain simulation in Comsol Multiphysics.
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1.3 Digital Wolfram - A real time TIG welding expert system

In a highly interdisciplinary team we are developing Digital Wolfram (DW), a TIG-welding ex-
pert system built on in-house hardware and software. It analyses voltage, current, arc-length
and optical-emission signals to detect process anomalies in real time.

Contributors: T. Hocker, L. Holzer, D. Meier, M. Schmid,C. Fiant, R. Gubler, M. Abegglen,
J. Rosset, O. Hoenecke (ISC), A. Kipka, M. Türkes (BFH)

Partners: Wolfram Industrie GmbH
Funding: Innosuisse
Duration: 2023–2025

Achieving top-quality TIG (Tungsten Inert Gas)
welds requires a perfectly stable process. Un-
desired events—such as poor arc ignition or
shielding-gas turbulences—can produce severe
defects and force expensive, time-consuming re-
work. A digital assistant that warns welders about
process instability therefore offers clear economic
and quality benefits.

The heart of Digital Wolfram is a robust logger de-
veloped at the Institute of Signal Processing (ISC).
Its galvanically isolated front end withstands the
several-kilovolt spikes of contact-less ignition and
streams 16 analogue and 12 digital channels at up
to 40 kHz (Fig.1)

Fig. 1: Prototype of the Digital Wolfram logger in its rugged
metallic housing.

Using this hardware we study how anomalies ap-
pear in voltage, current, arc length and optical
emission data. To date, the system recognises
more than twenty characteristic features. Some
are straightforward process metrics, such as the
given parameters of a pulsed-current welding sig-
nal. These values are essential for weld documen-
tation. Other features point to disturbances that
can trigger costly defects as for example bad arc
starts or insufficient shielding gas coverage.

The user interaction is a key ability of such an ex-
pert system. Real time algorithms turn those de-
tected anomalies into color-coded messages and
alerts in a graphical user interface (see Fig. 2).

Fig. 2: Live GUI screenshot with voltage, current and weld-
head velocity plotted against time. The anomaly-detection
algorithm highlights a detected shielding-gas turbulence as
a red translucent band.

The prototype has attracted strong interest from
leading industrial players. Some of them are al-
ready beta-testing the system in research or pro-
duction.

In the final project year, we will collect synchro-
nised data from an even broader sensor collection
and complement it with weld seam quality analy-
ses (e.g. optical microscopy) and SEM images of
electrode degradation. This will help deepen our
understanding of cross-signal correlations and the
underlying physics, such as electrode degradation
mechanisms.

Zürcher Fachhochschule 7 www.zhaw.ch
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1.4 Digital Wolfram – Optical Emission Spectroscopy for
Plasma Insight

Within the Digital Wolfram project we expand our TIG welding expert system beyond elec-
trical sensors and analyse the emission of the TIG arc itself. By analysing optical emis-
sion spectra we estimate plasma temperature, electron density and species composition -
thereby addressing a critical gap in process control.

Contributors: T. Hocker, L. Holzer, D. Meier, M. Schmid,C. Fiant, R. Gubler, M. Abegglen,
J. Rosset, O. Hoenecke (ISC), A. Kipka, M. Türkes (BFH)

Partners: Wolfram Industrie GmbH
Funding: Innosuisse
Duration: 2023–2025

Tungsten Inert Gas (TIG) welding employs an elec-
tric arc (Fig. 1) between a non-consumable tung-
sten electrode and the workpiece. An inert shield-
ing gas — usually argon or helium — protects
both the molten pool and the glowing electrode.
The arc reaches roughly nine to twelve thousand
degrees Celsius, ionising the shielding gas and
metal vapour to form a plasma.

Fig. 1: Detailed view of the tungsten electrode and arc
plasma during TIG welding with argon as the shielding gas.

Owing to its high seam quality, TIG welding is
the method of choice in aerospace, nuclear tech-
nology and other technically demanding applica-
tions. Achieving that quality requires a stable, well-
observed process. Undesired process anomalies

can lead to severe and costly defects. To gain
more control over the process, we develop a dig-
ital assistant which warns the welder about such
process instabilities, using algorithms primarily
derived from current and voltage data. However,
monitoring electrical data alone leaves an impor-
tant blind spot: the composition and temperature
of the plasma. Direct measurement is difficult, yet
these quantities govern arc behaviour and in turn
weld quality.

To fill this gap we collect time-resolved optical
emission spectra using a fibre-coupled spectrom-
eter. A custom-developed workflow generates a
synthetic reference spectrum from spectroscopic
constants, aligns its dominant lines with the mea-
sured spectra and then applies a multielement
Saha–Boltzmann analysis to derive plasma tem-
perature and the species composition. These pa-
rameters serve as indicators of process stability
and help reveal critical faults — for example, when
excess oxygen reaches the electrode.

Over the course of this year, we will validate the
method using a broader dataset. Furthermore,
we aim to integrate the key plasma indicators into
a real-time algorithm, allowing them to appear
alongside electrical warnings in the user interface.

www.zhaw.ch 8 Zürcher Fachhochschule
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1.5 Toward a corrosion mechanism model of titanium implant

Corrosion of titanium medical implant is often attributed to inflammatory effects in the hu-
man body affecting the life quality of considerable number of persons. Understanding the
mechanism of the corrosive degradation of titanium implant helps for a better material de-
sign extending the implant durability. A model-based approach is adopted for a consistent
analysis of corrosive activities in-between titanium alloy phases.

Contributors: Y. Safa, P. Marmet, L. Holzer
Partners: Mechanical Metallurgy Lab EPFL, Institut de la Corrosion Brest France,

Laboratoire de Réactivité de Surface Sorbonne France
Funding: SNSF, French National Research Agency
Duration: 2023–2026

Titanium is often considered as successful mate-
rial option in the fabrication of medical implant for
the human body. Titanium alloy (Ti6Al4V) includes
β phase that provides special mechanical function-
ality (compliance) under fatigue conditions. On
the other hand, β phase undergoes corrsoive-
dissociation in the inflammatory medium surround-
ing the implant. β phase dissociation reduces the
durability of the implant and implies health com-
plexity and costing surgical interventions. In this
project we investigate relationships between bio-
logical corrosive environment, the mechanical load
and the initial microstructure of the Ti6Al4V alloy.
We adopt a model-based approach interacting
with other consortium partners activities (addi-
tive manufacturing, corrosion experiment, and me-
chanical fatigue test). to predict the evolution of
beta-disscoiated phase driven by an electrochem-
ical process in the corrosive inflammatory medium
of the human body.

Fig. 1: Schematic of titanium alloy (Ti6Al4V) phases: β
(red), α (blue) under electrolyte (yellow)

A new implementation of in-house numerical
model of ADI Alternating Directional Implicte
scheme is conducted at ICP demonstrating an ad-
vanced predictive capability to describe reactive
transport of ionic charges inside the metallurgical
structure of titanium phases.
As exemplar case shown in this report, we intro-
duce the evolution of reactants concentration for

a disscotiation depth of β phase. Similar results
in corrosion pit make an evident dependency be-
tween mass migration and diffusion and the con-
ductivity of the electrolyte. Reproducing the simu-
lation for different pit depth values provides an ex-
planation of the impedance spectroscopic obser-
vation correlating of measured resistance in elec-
trolyte the pit depth, and mass transport.

Fig. 2: Distribution of oxygen molar concentration above α
phase and inside β-dissolved pit

Fig. 3: (a-b) Distribution of reactants molar concentration (c)
electrolyte conductivity inside β-dissolved pit

Zürcher Fachhochschule 9 www.zhaw.ch
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1.6 1D model of blood vessels in arterial tree network

Worldwide, about two million patients (per year) suffering from chest pain undergo cardiac
catheterization caused by Ischemia with no obstructive coronary arteries (INOCA). Using
catheter-based pressure and velocity (p, v)(t) data to obtain physiological indices is the
best possible way for diagnosing INOCA. At ICP we contribute a computational framework
to the development of PhysioCath an innovative catheter conducted by Medyria AG. This
includes flow modeling and ML. In this report we make focus on 1D model of arterial tree
network.

Contributors: Y. Safa, C. Kirsch, T. Hocker
Partners: USZ, EOC, Medyria AG
Funding: Innosuisse
Duration: 2024–2026

PhysioCath developed by Medyria AG is an inno-
vative catheter for diagnosing microvascular dis-
eases by offering a unique feature for an accu-
rate and reliable time-resolved blood pressure and
velocity data. Its principle is based on obtain-
ing the blood velocity from quantified heat source
needed to maintain constant output of the tem-
perature sensor. This sensor is combined with
the heat source making an exceptional feature of
PhysioCath technology. At ICP, interesting accom-
plishment are realized on a physical 3D thermally
model to simulate the response of the PyCath sen-
sor signals in arbitrary flow situations using in-
house code SESES and commercial CFD code.
On the other hand, a 1D models of the arterial tree
are considered as a good compromise between
accuracy and computational cost for simulating the
propagation of arterial pulse waves. Specifically,
due to the simplified 1D-structural representation
they are much more efficient than full 3D CFD
models that intend to capture the true geometric
complexity. Recall that 1D tree models with 1D
governing equations of conservation of mass and
momentum in combination with elastic or inelas-
tic wall models capture many more physical details
compared with 0D models.

In this project, we make use of the powerful capa-
bilities of 1D arterial models to simulate close-to-
real wave patterns. It should be realized that the
information gained with PyCath yield v(t) and p(t)
that are locally probed around a fixed point within
the artery system, from which we then compute
the corresponding wave intensities (a local time-
variation of the wave power i. e. dI=dp.dv resulting
as response to the heart’s pumping action). Us-
ing the 1D arterial model, the local PyCath out-
put (i.e., local v(t), p(t)) can also be simulated, and

hence, the wave analyzer can be tested with sim-
ulated data from the 1D arterial model.
A numerical challenge of modeling the 1D arterial
network is to propagate waves for many periods
without cumulative errors. Therefore an adequate
implementation of space-time discretisation of the
hyperbolic system was conducted in-house Math-
ematica code. The implemented numerical model
accounts for forward/backward wave propagation
that are described through Reimann system. The
resulting signals are traced on the outlet/inlet sides
where boundary conditions are informed from the
upcoming characteristics.
An exemplar visualized output is shown in the Fig.1
with two time-lapses (T1 and T2) of the response
of a triple bifurcation arteries to a pressure pulse
at the inlet of mother vessel.The problem is solved
for vessel area and for blood velocity.

Fig. 1: Two time lapse of the simulation of artrial bifurcation
including Mother (M) and two Daughters vessels (D1,2)
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2 Electrochemical Cells

The team Electrochemical Cells and Microstructures is working on the modelling and simulation of
electrochemical flow cells for various applications:

• Proton exchange membrane fuel cells are being developed to power heavy-duty vehicles like
trucks. The aim is to replace combustion engines that currently run on fossil fuels. Thereby, the
key technical challenge is to increase the durability of membrane electrode assemblies (MEAs).
We are currently addressing this topic in the European project PEMTASTIC with a combination
of micro- and meso-scale MEA models that allow to simulate both the cell performance and
durability at power load cycling.

• Redox flow batteries (RFBs) are a technology for the grid-scale energy storage of fluctuating
renewable power from photovoltaics and windmills. Aqueous organic RFBs have the advantage
of low solvent cost and relatively high conductivity, and water-based electrolytes allow for safe
battery operation. As a result of the European project SONAR, we have recently published a
computationally efficient physics-based model of an aqueous organic RFB. The model is suit-
able for application in computational high-throughput screening to identify new active materials.

• Electrochemical flow cells are a key component of the future synthesis technology in the chemi-
cal industry, where electrical energy is used to power electrochemical reactions. The use of flow
cells for the electro-organic synthesis will allow to produce fine chemicals or pharmaceuticals
by use of renewable energy. Our team participates in the European project MiEl, where we are
working on the simulation of electrode structures and the model-based analysis and design of
electrochemical flow cells.

A. Dullak R. Schärer E. Scoletta L. Corte Vieira M. Diana

J. Schumacher
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2.1 Continuum scale flow cell modelling for electroorganic syn-
thesis

MiEl is a research and training project funded by the European Union’s Marie Skłodowska-
Curie programme. Involving 9 partner organisations and 5 associated partners from 9 dif-
ferent countries, MiEl concerns the development of new synthesis technologies for the
chemical industries, combining the novel advantages of electrochemistry, microprocess
engineering and flow chemistry to this effect. Through the joint effort of an international
network of 12 doctoral candidates, the ambitious research objective is to upscale these
flow cell technologies and assemble them in arrays for the safe, flexible and sustainable
synthesis of chemical products for the future, namely in the pharmaceutical industry.

Contributors: L. Vieira, J. Schumacher, R. Schärer
Partners: ICT, UvA, DTU, UWK, UCT Prague, SU, INO, ECHEM, JAN, KIT, USZ
Funding: Horizon-MSCA-2021-DN-01-01
Duration: 2023–2026

In the European doctoral network project MiEL, 12
doctoral candidates are developing electroorganic
synthesis technology for the chemical industries
of the 21st century, fusing the sustainable advan-
tages of electrochemistry, microprocess engineer-
ing and flow chemistry. Electrochemical technolo-
gies have shown to offer high energy efficiency
in production, while microfluidics increase safety
and process control in a variety of chemical pro-
cesses. As such, merging the two procedures in
the form of electrochemical flow cells seems the
logical step towards a more reliable and scalable,
safer and greener chemical industry. The three
distinct synthesis routes under investigation (two-
phase, aqueous and non-aqueous electrosynthe-
ses) can be regarded as relevant model processes
for this aim.
As a fundamental partner of the MiEl consortium,
ZHAW-ICP’s role is to enable the systematic un-
derstanding of these electrochemical processes
and their feasibility by conceiving continuum scale
multiphysics models of flow cells, considering the
coupled effects of mass, momentum, energy, and
charge transport. Via the kinetics and mass trans-
port simulation of electrode structures subject to
multi-phase fluid flow and multi-electron step reac-
tions, the mission is to assess the performance of
the developed cells by solving for current-potential
distributions (Fig. 1), as well as concentration, ve-
locity and pressure profiles.
Along with parallel work conducted by ZHAW-ICP
within MiEl, different models operating on differ-
ent scales will be linked, as lower scales may

provide effective parameterisations to the macro-
homogenous models. Experimental model vali-
dation, parameterisation and reaction mechanism
identification are all of great concern, and are be-
ing addressed for the investigated chemistries in
close cooperation with the consortium. The goal
of all models is to generate data reflecting mate-
rial properties and to identify appropriate operat-
ing conditions of a flow cell design depending on
flow rate, reactant concentrations, pressure, tem-
perature and applied voltage, tailored to the vari-
ous studied processes.
The subsequent optimization of these models (with
respect to conversion efficiency, charge efficiency,
and selectivity towards desired products) shall
guarantee the right design and operating condi-
tions for these technologies towards achieving the
desired sustainability of industrial application, evi-
dencing ZHAW-ICP’s essential contribution to the
overall project.

Fig. 1: Simulated polarization plot of a flow cell, breaking
down the contributing influences upon the obtained cell po-
tential difference.

References:
[1] MiEl project website: https://project-miel.eu/
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2.2 Pore scale modeling of electrochemical synthesis processes
using Lattice Boltzmann methods

Porous electrodes are central to electrochemical flow cells, an important technology cru-
cial for electrifying the synthesis of fine chemicals. The intricate interplay of multi-phase
flow, species transport, electrochemical and chemical reactions within these complex ge-
ometries presents a formidable challenge for process optimization. This research aims
to develop a mesoscale Lattice Boltzmann (LB) framework to unravel these pore-scale
phenomena, providing insight and generating accurate effective parameters for macro-
homogeneous cell models.

Contributors: A. Dullak, R. Schärer, J. Schumacher
Partners: ICT, UvA, DTU, UWK, UCT Prague, SU, INO, ECHEM, JAN, KIT, USZ
Funding: Horizon-MSCA-2021-DN-01-01
Duration: 2023–2026

The MiEl project is concerned with the novel syn-
thesis technologies for the chemical industry, com-
bining the advantages of electrochemical systems,
microprocess engineering, and reaction engineer-
ing. Electrochemical flow cells are essential to
achieve large scale continuous production of fine
chemicals. At ZHAW-ICP, our contribution lies
in developing multiphysics models to deepen the
understanding and optimize the performance of
these critical devices. While parallel efforts focus
on continuum-scale, our work is also concerned
with the complex multiphysics phenomena occur-
ring at the pore scale inside porous electrodes.
Porous electrodes are central to the efficiency and
selectivity of electrochemical synthesis processes,
especially in systems involving multi-phase con-
tacting, such as reactions where gas bubbles are
formed or immiscible liquid phases are involved.
The intricate network of pores dictates reactant ac-
cessibility, product removal, and the overall distri-
bution of current and potential.

Fig. 1: Overview of the scales involved in modeling of flows
in porous electrodes.

The focus of this research is the development
and implementation of a Lattice Boltzmann (LB)
framework to simulate two phase flows, species
transport including migration and multi-step elec-
trochemical and homogeneous reactions in real-
istic porous geometries. These geometries will
be obtained through X-ray µCT imaging of actual

porous electrodes. The model is implemented to
handle high viscosity and density ratios between
fluid phases, along surface tension effects and in-
terfacial dynamics by the use of free energy mul-
tiphase models and entropic and multi-relaxation
time collision operators.
Beyond the simulation of reaction and transport
processes at the pore scale, we aim to use the re-
sults at the pore level to upscale the information to
the continuum scale. This is achieved by extracting
effective parameters such as permeability or effec-
tive diffusivity, which can then inform the macro-
homogeneous models. These parameters capture
the essential physics information of the porous do-
main efficiently for cell-scale simulations.
In the current state of the work, a coupled LB sim-
ulation of fluid flow, species transport with a finite
difference solver for the electric potential was im-
plemented, incluiding an electrochemical reaction
as the species transport boundary condition. The
implementation was tested in a toy model consist-
ing of the transport of ions by advection, diffusion
and migration in a channel flow. The results show
the expected trends in the transport of ions of op-
posing charges.

Fig. 2: Concentration profiles

Literature:
[1] MiEl project website: https://project-miel.eu/
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2.3 Robust PEMFC MEA derived from model-based understand-
ing of durability limitations for heavy duty applications

The aim of this project is to meet the technical challenges to increase the durability of
membrane-electrode assemblies (MEA) for heavy-duty vehicles applications. These chal-
lenges are approached with a combination of model-based design and development of
durable catalyst coated membranes, using materials for heavy-duty operation at high tem-
perature (up to 105° C). The target corresponds to a durability of 20’000 hours by maintain-
ing a power density 1.2 W/cm2 at a cell voltage of 0.65V, with a platinum loading of 30g/kW.

Contributors: J.O. Schumacher, E. Scoletta, R.P. Schärer, M. Diana
Partners: DLR, IRD, Imerys, CEA, Chemours, Heraeus, Symbio
Funding: Horizon
Duration: 2023 – 2026

The project aim is to overcome the durability limi-
tations of polymer electrolyte membrane fuel cells
(PEMFCs) by developing new application-tailored
component materials, cell model-based designs,
and operating strategies, in line with the Strate-
gic Research and Innovation Agenda (SRIA) of the
Clean Hydrogen Joint Undertaking. The main goal
is then to bring the highly innovative concept of
durable heavy-duty membrane electrode assem-
bly (MEA) to technology readiness level (TRL) 4.
Different institutes contribute to this project: DLR,
CEA, ZHAW are responsible for MEA characteri-
zation, ex-situ analysis and model-based designs.
Component suppliers (IRD) and material suppli-
ers (IMERYS, Heraeus, Chemours) are responsi-
ble for providing the innovated and improved differ-
ent sub-components of the catalyst coated mem-
brane (CCM).

Workflow methodology of the PEMTASTIC partners.

We have been developing a one-dimensional
PEMFC model of a differential test cell account-
ing for the through-plane transport of gas species,
water, charge, and heat, and for the electrochem-
ical reactions in the catalyst layers. Moreover, we
can simulate performance decay due to chemical
membrane degradation and catalyst layer degra-
dation.
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Coupling diagram of the PEMFC differential test cell model.

Chemical membrane degradation is caused by the
formation of hydroxyl radicals. These radicals
are generated through reactions involving hydro-
gen peroxide, a common byproduct in fuel cells,
under the influence of metal ions such as iron.
Our model describes hydroxyl radical attack of
the polymer bonds within the membrane, causing
chain scission and loss of mechanical membrane
integrity. Moreover, we have implemented a cat-
alyst layer degradation model [1] and coupled it
to our performance-degradation model. We can
now simulate performance decay due to decrease
of membrane protonic conductivity and platinum
particle growth leading to loss of electrochemi-
cal surface area in the catalyst layers. Additional
work is planned to integrate effective properties
obtained from meso-scale modeling and model-
order-reduction to reproduce the fuel cell dynam-
ics during vehicle driving cycles.

Literature:
[1] A. Kregar et al., J. Power Sources, Vol. 514,
230542, 2021.
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2.4 Mesoscale Modelling of the Catalyst Layer in PEMFCs

Proton exchange membrane fuel cells (PEMFCs) are a promising technology contributing
to the decarbonization of the industry and transport sector. The European-funded PEMTAS-
TIC project aims to increase the durability of membrane electrode assemblies (MEAs) for
PEMFCs by a combined experimental and modelling approach. The cathode catalyst layer
strongly impacts the overall performance due to the sluggish oxygen reduction reaction.
Furthermore, the longevity of the fuel cell is affected by critical degradation phenomena,
such as carbon corrosion, platinum dissolution, or ionomer degradation. At ICP, we are de-
veloping mesoscopic models with the aim of better understanding the coupled processes
at the mesoscale and developing improved parameterisations for macrohomogeneous cell
models.

Contributors: R. P. Schärer, E. Scoletta, M. Diana, J. O. Schumacher
Partners: DLR, IRD, Imerys, CEA, Chemours, Heraeus, Symbio
Funding: Horizon
Duration: 2023 – 2026

In PEMFCs, the cathode catalyst layer provides
the reactive sites for the oxygen reduction reaction.
This layer is composed of carbon particles provid-
ing the overall structural support, catalytic platinum
nanoparticles, and proton-conducting ionomer.
While the overall oxygen reduction reaction is of-
ten simplified as 4H+ + 4e− + O2 → 2H2O, the ac-
tual process proceeds through complex multi-step
reaction pathways involving multiple intermediate
species and competing reactions.

The oxygen reduction reaction (ORR) on plat-
inum surfaces involves sequential electron transfer
steps that can lead to different reaction products
depending on the local electrochemical environ-
ment. A critical aspect is the formation of hydrogen
peroxide as an intermediate species, which not
only affects the overall reaction efficiency but also
serves as a key reactant in membrane degradation
processes. Additionally, the platinum surface un-
dergoes dynamic changes through the formation
of oxide layers, which significantly influence the
local chemical environment at the reaction plane
within the double layer structure.

Understanding these coupled multi-step surface
reactions is crucial because intermediate species
can block available active surface sites, reduc-
ing catalytic activity. Furthermore, the intercon-
nected nature of these reactions drives parasitic
processes such as carbon corrosion, where the
weakened structural integrity of the carbon support
can ultimately lead to microstructure collapse and
significantly altered transport resistances.

At ICP, we develop transient and spatially-resolved
models that explicitly capture these multi-step re-
action pathways through a unified framework cou-
pling the ORR, hydrogen peroxide formation, and
carbon corrosion reactions as shown in Figure 1.
Our approach integrates a double layer model that
accounts for oxide layer formation on the platinum
surface, enabling accurate prediction of the local
chemical environment at the reaction plane.
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RD

<latexit sha1_base64="tujVjDl+VPsPliEPWGF//doWZAo=">AAACcHicbVHLSsNAFJ3GV63P6kZwYbQI4qIkItWl4MadVfqCtMhkOrFD5xFmbsQS8hlu9bv8Db/ASc3CaC8MHM49h3vm3jDmzIDnfVacpeWV1bXqem1jc2t7Z7e+1zMq0YR2ieJKD0JsKGeSdoEBp4NYUyxCTvvh9Dbv91+oNkzJDsxiOhL4WbKIEQyWCoYCw0SL9LGTPe02vKY3L/c/8AvQQEW1n+qV++FYkURQCYRjYwLfi2GUYg2McJrVhomhMSZT/EwDCyUW1IzSeebMPbXM2I2Utk+CO2d/O1IsjJmJ0CrzjOZvLycX9YIEoutRymScAJXkZ1CUcBeUmy/AHTNNCfCZBZhoZrO6ZII1JmDXVJryGlm29I1UTMiEimxhmIXpy24rA6W4KdOGJZLBa1azJ/D/Lvw/6F00/Vaz9XDZuLkojlFFh+gEnSEfXaEbdIfaqIsIUugNvaOPypdz4Bw5xz9Sp1J49lGpnPNvSILBhQ==</latexit>

RT

<latexit sha1_base64="qbfDgHlgW5hmtX7o9a6azgCFLro=">AAACcHicbVHLSsNAFJ3GV62vVjeCC6NFEBclKVJdFnThzopWhTbIZDoxQ+cRZm6kJeQz3Op3+Rt+gdPHwmgvDBzOPYd75t4w4cyA532VnKXlldW18nplY3Nre6da2300KtWEdoniSj+H2FDOJO0CA06fE02xCDl9CodXk/7TG9WGKfkA44QGAr9KFjGCwVK9vsAQa5Fd3+cv1brX8Kbl/gf+HNTRvDovtdJtf6BIKqgEwrExPd9LIMiwBkY4zSv91NAEkyF+pT0LJRbUBNk0c+6eWGbgRkrbJ8Gdsr8dGRbGjEVolZOM5m9vQi7q9VKILoOMySQFKslsUJRyF5Q7WYA7YJoS4GMLMNHMZnVJjDUmYNdUmDKKLFv4RiZiElORLwyzMH3RbWWgFDdF2rBUMhjlFXsC/+/C/4PHZsNvNVp35/V2c36MMjpAx+gU+egCtdEN6qAuIkihd/SBPkvfzr5z6BzNpE5p7tlDhXLOfgAqR8F2</latexit>

DS

<latexit sha1_base64="HYkIQO5C9J5OofG4FQ6nXlLgFg8=">AAACcXicbVHLSgNBEJys7/iKehIvg0EQxLAbRHMMePFmBKNCEmR20msG57HM9Iph2d/wqr/ld/gDTmIOrqZgoKjupmuq41QKh2H4WQkWFpeWV1bXqusbm1vbtZ3dO2cyy6HLjTT2IWYOpNDQRYESHlILTMUS7uPny0n9/gWsE0bf4jiFgWJPWiSCM/RSv88h7+DpVfO6WTzW6mEjnIL+J9GM1MkMncedynV/aHimQCOXzLleFKY4yJlFwSUU1X7mIGX8mT1Bz1PNFLhBPjVd0COvDGlirH8a6VT9PZEz5dxYxb5TMRy5v7WJOK/WyzBpDXKh0wxB859FSSYpGjpJgA6FBY5y7AnjVnivlI+YZRx9TqUtr4lXS9/I1YiPQBVzzcx1X572bWiMdGXZiUwLfC2q/gTR38D/k7tmIzpvnN+c1dut2TFWyQE5JMckIhekTa5Ih3QJJyl5I+/ko/IV7Ac0OPxpDSqzmT1SQnDyDXnfwRo=</latexit>

Pt�H2O2

<latexit sha1_base64="hD+/Ub0qdZdNHBUsXvZqARDJO1I="></latexit> ��
��

��
��
*

)
��

��
��

��

<latexit sha1_base64="hD+/Ub0qdZdNHBUsXvZqARDJO1I="></latexit>

��������* )��������<latexit sha1_base64="TuoMp9Gil9D46urKM9WqPBKE3PE=">AAACbnicbVHLSgNBEJysrxhfUcGLiItB8BR2g2iOAS/eVDBRSYLMTnrN4DyWmV5JWPYrvOqH+Rd+gpOYgxtT0FBUd9PV3VEiuMUg+Cp5S8srq2vl9crG5tb2TnV3r2N1ahi0mRbaPEbUguAK2shRwGNigMpIwEP0ejXJP7yBsVyrexwn0Jf0RfGYM4pOeuoxyK4bN438uVoL6sEU/n8SzkiNzHD7vFu66Q00SyUoZIJa2w2DBPsZNciZgLzSSy0klL3SF+g6qqgE28+mjnP/1CkDP9bGhUJ/qv7tyKi0diwjVykpDu18biIuynVTjJv9jKskRVDsd1CcCh+1P1nfH3ADDMXYEcoMd159NqSGMnRHKkwZxU4trJHJIRuCzBeaWei+2O3KUGthi7LlqeI4yivuBeH8wf+TTqMeXtQv7s5rrebsGWVySE7IGQnJJWmRa3JL2oQRSd7JB/ksfXsH3pF3/FvqlWY9+6QA7+wHGt3ACw==</latexit>
H2O2

<latexit sha1_base64="VYEZKJvys++OkPUOw+W2trqC2bc=">AAAB+3icbVDLSgMxFM34rPU11qWbYBGEYpkpUl0W3HRZwT6gnZZMmmlDk8yQZMQyzK+4caGIW3/EnX9jpp2Fth4IHM65l3ty/IhRpR3n29rY3Nre2S3sFfcPDo+O7ZNSR4WxxKSNQxbKno8UYVSQtqaakV4kCeI+I11/dpf53UciFQ3Fg55HxONoImhAMdJGGtmlAUd6KnnSHFZgBZLhVTqyy07VWQCuEzcnZZCjNbK/BuMQx5wIjRlSqu86kfYSJDXFjKTFQaxIhPAMTUjfUIE4UV6yyJ7CC6OMYRBK84SGC/X3RoK4UnPum8ksqVr1MvE/rx/r4NZLqIhiTQReHgpiBnUIsyLgmEqCNZsbgrCkJivEUyQR1qauoinBXf3yOunUqm69Wr+/LjdqeR0FcAbOwSVwwQ1ogCZogTbA4Ak8g1fwZqXWi/VufSxHN6x85xT8gfX5A3mdk2M=</latexit>H
+
+
e �

<latexit sha1_base64="fHTWd3PdRFFxYS6U3NtGzBC6DdM=">AAACbXicbVHJSgNBEO2Me9yi4kmRwSB6CjNR1KPgxZsRjAaSID2dGtOkl6G7RgzD/IRX/TG/wl+wsxycmAcFj1dV1KuqKBHcYhB8l7yFxaXlldW18vrG5tZ2ZWf3yerUMGgyLbRpRdSC4AqayFFAKzFAZSTgORrcjvLPb2As1+oRhwl0JX1VPOaMopNaHQbZXSM/f6lUg1owhv+fhFNSJVM0XnZK952eZqkEhUxQa9thkGA3owY5E5CXO6mFhLIBfYW2o4pKsN1sbDj3T5zS82NtXCj0x+rfjoxKa4cycpWSYt/O5kbivFw7xfi6m3GVpAiKTQbFqfBR+6Pt/R43wFAMHaHMcOfVZ31qKEN3o8KU99iphTUy2Wd9kPlcM3PdF7tdGWotbFG2PFUc3/Oye0E4e/D/5KleCy9rlw8X1Zv69Bmr5IAckzMSkityQ+5IgzQJI4J8kE/yVfrx9r1D72hS6pWmPXukAO/0F5EAv8s=</latexit>

HP3
<latexit sha1_base64="3FXiFMU+0MXb5B/LMqhy9uaqrb4=">AAACbXicbVHLSgNBEJys7/iKiidFFoPoKewGiR4FL96MYEwgCWF20msG57HM9ErCsj/hVX/Mr/AXnMQcXE1BQ1HdTVd3R4ngFoPgs+QtLa+srq1vlDe3tnd2K3v7T1anhkGLaaFNJ6IWBFfQQo4COokBKiMB7ejldppvv4KxXKtHnCTQl/RZ8Zgzik7q9Bhkd828PqhUg1owg/+fhHNSJXM0B3ul+95Qs1SCQiaotd0wSLCfUYOcCcjLvdRCQtkLfYauo4pKsP1sZjj3z5wy9GNtXCj0Z+rvjoxKaycycpWS4sj+zU3FRbluivF1P+MqSREU+xkUp8JH7U+394fcAEMxcYQyw51Xn42ooQzdjQpTxrFTC2tkcsRGIPOFZha6L3a7MtRa2KJseao4jvOye0H49+D/yVO9FjZqjYfL6k19/ox1ckROyQUJyRW5IXekSVqEEUHeyDv5KH15h96xd/JT6pXmPQekAO/8G47+v8o=</latexit>

HP2

<latexit sha1_base64="tp7r0NmubYtXtnGO6ZJOYwpPKus=">AAACbXicbVHLSgNBEJysrxifUTwpshhET2FXJHoUvHgzgomBJMjspNcMzmOZ6ZWEZX/Cq/6YX+EvOIk5uCYFDUV1N13dHSWCWwyCr5K3tLyyulZer2xsbm3v7Fb32lanhkGLaaFNJ6IWBFfQQo4COokBKiMBT9Hr7ST/9AbGcq0ecZxAX9IXxWPOKDqp02OQ3TXz8Hm3FtSDKfx5Es5IjczQfK6W7nsDzVIJCpmg1nbDIMF+Rg1yJiCv9FILCWWv9AW6jioqwfazqeHcP3XKwI+1caHQn6p/OzIqrR3LyFVKikP7PzcRF+W6KcbX/YyrJEVQ7HdQnAoftT/Z3h9wAwzF2BHKDHdefTakhjJ0NypMGcVOLayRySEbgswXmlnovtjtylBrYYuy5aniOMor7gXh/4PPk/ZFPWzUGw+XtZuL2TPK5JCckHMSkityQ+5Ik7QII4K8kw/yWfr2Drwj7/i31CvNevZJAd7ZD4z8v8k=</latexit>

HP1

<latexit sha1_base64="zDDKsSm7G80b/LhxbmAOfpUaV28=">AAACbXicbVHLSgNBEJys7/hKFE+KLAbRU9gVibkIghdvKhgNJEFmJ71myDyWmV5JWPYnvOqP+RX+gpOYg6spaCiqu+nq7igR3GIQfJa8hcWl5ZXVtfL6xubWdqW682h1ahi0mBbatCNqQXAFLeQooJ0YoDIS8BQNryf5p1cwlmv1gOMEepK+KB5zRtFJ7S6D7PryNn+u1IJ6MIX/n4QzUiMz3D1XS7fdvmapBIVMUGs7YZBgL6MGOROQl7uphYSyIX2BjqOKSrC9bGo494+d0vdjbVwo9Kfq746MSmvHMnKVkuLA/s1NxHm5Topxs5dxlaQIiv0MilPho/Yn2/t9boChGDtCmeHOq88G1FCG7kaFKaPYqYU1MjlgA5D5XDNz3Re7XRlqLWxRtjxVHEd52b0g/Hvw/+TxrB426o3789pVc/aMVbJPjsgpCckFuSI35I60CCOCvJF38lH68va8A+/wp9QrzXp2SQHeyTeac7/V</latexit>

C��O

<latexit sha1_base64="VYEZKJvys++OkPUOw+W2trqC2bc=">AAAB+3icbVDLSgMxFM34rPU11qWbYBGEYpkpUl0W3HRZwT6gnZZMmmlDk8yQZMQyzK+4caGIW3/EnX9jpp2Fth4IHM65l3ty/IhRpR3n29rY3Nre2S3sFfcPDo+O7ZNSR4WxxKSNQxbKno8UYVSQtqaakV4kCeI+I11/dpf53UciFQ3Fg55HxONoImhAMdJGGtmlAUd6KnnSHFZgBZLhVTqyy07VWQCuEzcnZZCjNbK/BuMQx5wIjRlSqu86kfYSJDXFjKTFQaxIhPAMTUjfUIE4UV6yyJ7CC6OMYRBK84SGC/X3RoK4UnPum8ksqVr1MvE/rx/r4NZLqIhiTQReHgpiBnUIsyLgmEqCNZsbgrCkJivEUyQR1qauoinBXf3yOunUqm69Wr+/LjdqeR0FcAbOwSVwwQ1ogCZogTbA4Ak8g1fwZqXWi/VufSxHN6x85xT8gfX5A3mdk2M=</latexit>

H+ + e�

<latexit sha1_base64="irmfqjFDC/LSTrUBRY4wfJ658Ac=">AAACcHicbVFdSwJBFB23L7MvrZegh7YkiB5kV8J6FHzpLYPUQCVmx1kdnI9l5m4oy/6MXut39Tf6BY0fD616YeBw7jncM/cGEWcGPO8n52xt7+zu5fcLB4dHxyfF0mnbqFgT2iKKK/0WYEM5k7QFDDh9izTFIuC0E4wbs37ng2rDlHyFaUT7Ag8lCxnBYKluT2AYaZE0qul7sexVvHm568BfgjJaVvO9lHvuDRSJBZVAODam63sR9BOsgRFO00IvNjTCZIyHtGuhxIKafjLPnLo3lhm4odL2SXDn7H9HgoUxUxFY5SyjWe3NyE29bgzhYz9hMoqBSrIYFMbcBeXOFuAOmKYE+NQCTDSzWV0ywhoTsGvKTJmEls18IxEjMqIi3RhmY/qs28pAKW6ytGGxZDBJC/YE/urC10G7WvFrldrLfbleXR4jjy7QNbpFPnpAdfSEmqiFCFLoE32h79yvc+5cOlcLqZNbes5Qppy7P+XRwVQ=</latexit>

C2

<latexit sha1_base64="AKoRf8F0I7CaOBIsUMsEYf4TpSA=">AAACcHicbVHLSsNAFJ3EV63P6kZwYbQI4qIkKtVloRt3VrAqpEUm04kdOo8wcyMtIZ/hVr/L3/ALnD4Wpu2FgcO553DP3BslnBnw/R/HXVldW98obZa3tnd29/YrB89GpZrQNlFc6dcIG8qZpG1gwOlroikWEacv0aA57r98UG2Ykk8wSmhX4HfJYkYwWCrsCAx9LbLmdf62X/Vr/qS8RRDMQBXNqvVWcR46PUVSQSUQjo0JAz+BboY1MMJpXu6khiaYDPA7DS2UWFDTzSaZc+/cMj0vVto+Cd6E/e/IsDBmJCKrHGc0870xuawXphDfdTMmkxSoJNNBcco9UN54AV6PaUqAjyzARDOb1SN9rDEBu6bClGFs2cI3MtEnfSrypWGWpi+6rQyU4qZIG5ZKBsO8bE8QzC98ETxf1YJ6rf54U21czY5RQsfoDF2gAN2iBrpHLdRGBCn0ib7Qt/PrHrkn7ulU6jozzyEqlHv5B+fUwVU=</latexit>

C3

<latexit sha1_base64="ABqhXGjoqGq+Lkd/z+lSqJPHV9g=">AAACcHicbVHLSgMxFE3Hd33rRnBhtAjiosyIVJeFbtypYFuhLZJJM04wjyG5Iy3DfIZb/S5/wy8w03bh2F4IHM49h3tyb5gIbsH3vyve0vLK6tr6RnVza3tnd2//oGN1aihrUy20eQ6JZYIr1gYOgj0nhhEZCtYN31pFv/vOjOVaPcE4YQNJXhWPOCXgqF5fEoiNzFpB/rJX8+v+pPA8CGaghmb18LJfue8PNU0lU0AFsbYX+AkMMmKAU8Hyaj+1LCH0jbyynoOKSGYH2SRzjs8dM8SRNu4pwBP2ryMj0tqxDJ2yyGj/9wpyUa+XQnQ7yLhKUmCKTgdFqcCgcbEAPOSGURBjBwg13GXFNCaGUHBrKk0ZRY4tfSOTMY2ZzBeGWZi+7HYy0FrYMm15qjiM8qo7QfB/4fOgc1UPGvXG43WteTU7xjo6RmfoAgXoBjXRHXpAbUSRRh/oE31Vfrwj78Q7nUq9ysxziErlXf4C487BUw==</latexit>

C1
<latexit sha1_base64="VYEZKJvys++OkPUOw+W2trqC2bc=">AAAB+3icbVDLSgMxFM34rPU11qWbYBGEYpkpUl0W3HRZwT6gnZZMmmlDk8yQZMQyzK+4caGIW3/EnX9jpp2Fth4IHM65l3ty/IhRpR3n29rY3Nre2S3sFfcPDo+O7ZNSR4WxxKSNQxbKno8UYVSQtqaakV4kCeI+I11/dpf53UciFQ3Fg55HxONoImhAMdJGGtmlAUd6KnnSHFZgBZLhVTqyy07VWQCuEzcnZZCjNbK/BuMQx5wIjRlSqu86kfYSJDXFjKTFQaxIhPAMTUjfUIE4UV6yyJ7CC6OMYRBK84SGC/X3RoK4UnPum8ksqVr1MvE/rx/r4NZLqIhiTQReHgpiBnUIsyLgmEqCNZsbgrCkJivEUyQR1qauoinBXf3yOunUqm69Wr+/LjdqeR0FcAbOwSVwwQ1ogCZogTbA4Ak8g1fwZqXWi/VufSxHN6x85xT8gfX5A3mdk2M=</latexit>

H
+ +

e
�

<latexit sha1_base64="hD+/Ub0qdZdNHBUsXvZqARDJO1I="></latexit>

����
���

�*
)��

���
���<latexit sha1_base64="VcXo44obCtIf+88FHjO4aI2VHLI="></latexit>

3H +
+ 3 e �

<latexit sha1_base64="a/jx+28mk+Bxz56qJYAFvCe4pVw=">AAACbXicbVHLSgNBEJys7/hKFE+KLAbRU9gNEj0KXrypYDSQBJmd9CZD5rHM9ErCsj/hVX/Mr/AXnMQcXE1BQ1HdTVd3R4ngFoPgs+QtLa+srq1vlDe3tnd2K9W9J6tTw6DFtNCmHVELgitoIUcB7cQAlZGA52h0M80/v4KxXKtHnCTQk3SgeMwZRSe1uwyym7tG/lKpBfVgBv8/CeekRua4f6mW7rp9zVIJCpmg1nbCIMFeRg1yJiAvd1MLCWUjOoCOo4pKsL1sZjj3T53S92NtXCj0Z+rvjoxKaycycpWS4tD+zU3FRblOivFVL+MqSREU+xkUp8JH7U+39/vcAEMxcYQyw51Xnw2poQzdjQpTxrFTC2tkcsiGIPOFZha6L3a7MtRa2KJseao4jvOye0H49+D/yVOjHjbrzYeL2vXV/Bnr5JCckHMSkktyTW7JPWkRRgR5I+/ko/TlHXhH3vFPqVea9+yTAryzb4Rkv8o=</latexit>

CO2

<latexit sha1_base64="t5wPHm7lt01f2zASadEWgZq+r1E=">AAACDnicbVBLSgNBEO2Jvxh/E126aQyCIIYZkZhlIJvsjGA+kAyhp1NJmnTPDN09ShhyBy/gVm/gTtx6BS/gOewkszCJD4p6vFdFFc+POFPacb6tzMbm1vZOdje3t39weGTnj5sqjCWFBg15KNs+UcBZAA3NNId2JIEIn0PLH1dnfusRpGJh8KAnEXiCDAM2YJRoI/XsfJdCUtdXdzV8iaumTXt2wSk6c+B14qakgFLUe/ZPtx/SWECgKSdKdVwn0l5CpGaUwzTXjRVEhI7JEDqGBkSA8pL561N8bpQ+HoTSVKDxXP27kRCh1ET4ZlIQPVKr3kz8z+vEelD2EhZEsYaALg4NYo51iGc54D6TQDWfGEKoZOZXTEdEEqpNWktXxIiOQExzJhh3NYZ10rwuuqVi6f6mUCmnEWXRKTpDF8hFt6iCaqiOGoiiJ/SCXtGb9Wy9Wx/W52I0Y6U7J2gJ1tcvTTSazQ==</latexit>

Pt�OH+C�OH <latexit sha1_base64="rNQUil5pEBMhcyLJGiK7PO7cFAI=">AAACDnicbVBLSgNBFOyJvxh/iS7dNAZBCIaZQaLLgJssI5hESCahp/OSNOmeGbp7lDDMHbyAW72BO3HrFbyA57DzWZjEggdF1XvUo/yIM6Vt+9vKbGxube9kd3N7+weHR/nCcVOFsaTQoCEP5YNPFHAWQEMzzeEhkkCEz6Hlj2+nfusRpGJhcK8nEXiCDAM2YJRoI/XyhQ6FxK11S7iEXQzdy7SXL9plewa8TpwFKaIF6r38T6cf0lhAoCknSrUdO9JeQqRmlEOa68QKIkLHZAhtQwMiQHnJ7PUUnxuljwehNBNoPFP/XiREKDURvtkURI/UqjcV//PasR7ceAkLolhDQOdBg5hjHeJpD7jPJFDNJ4YQKpn5FdMRkYRq09ZSihjREYg0Z4pxVmtYJ0237FTKlburYtVdVJRFp+gMXSAHXaMqqqE6aiCKntALekVv1rP1bn1Yn/PVjLW4OUFLsL5+AdIFmn0=</latexit>
2H

+ + 2 e
�

<latexit sha1_base64="hD+/Ub0qdZdNHBUsXvZqARDJO1I="></latexit>

��������*

)��������

<latexit sha1_base64="WnILA9hj8vsVzl4l4t5rdTUpZEQ=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwVZIi1WWhG5cV7AOaUCbTSTN0JgkzN0IJ/QB/wK3+gTtx62f4A36HkzYL23rgwuGce7mH4yeCa7Dtb6u0tb2zu1ferxwcHh2fVE/PejpOFWVdGotYDXyimeAR6wIHwQaJYkT6gvX9aTv3+09MaR5HjzBLmCfJJOIBpwSM5LqSQKhk1oH2fFSt2XV7AbxJnILUUIHOqPrjjmOaShYBFUTroWMn4GVEAaeCzStuqllC6JRM2NDQiEimvWyReY6vjDLGQazMRIAX6t+LjEitZ9I3m3lGve7l4n/eMIXgzst4lKTAIrp8FKQCQ4zzAvCYK0ZBzAwhVHGTFdOQKELB1LTyRYY0ZHJeMcU46zVskl6j7jTrzYebWqtRVFRGF+gSXSMH3aIWukcd1EUUJegFvaI369l6tz6sz+VqySpuztEKrK9ftviaMg==</latexit>

PtC

<latexit sha1_base64="aHJzYBqgEiOd5hilPUuYY5k5u3w=">AAACBXicbVDLSsNAFJ34rPVVdekmWAQ3lkSkdllw050V7APbUCbTm2bozCTMTIQSsvYH3OofuBO3foc/4Hc4bbOwrQcuHM65l3vv8WNGlXacb2ttfWNza7uwU9zd2z84LB0dt1WUSAItErFIdn2sgFEBLU01g24sAXOfQccf3079zhNIRSPxoCcxeByPBA0owdpIj30CaVNf3jWyQansVJwZ7FXi5qSMcjQHpZ/+MCIJB6EJw0r1XCfWXoqlpoRBVuwnCmJMxngEPUMF5qC8dHZxZp8bZWgHkTQltD1T/06kmCs14b7p5FiHatmbiv95vUQHNS+lIk40CDJfFCTM1pE9fd8eUglEs4khmEhqbrVJiCUm2oS0sIWHJASeFU0w7nIMq6R9VXGrler9dbleyyMqoFN0hi6Qi25QHTVQE7UQQQK9oFf0Zj1b79aH9TlvXbPymRO0AOvrF2ZtmOQ=</latexit>

Pt�OH
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Fig. 1: Heterogeneous multi-step reactions on the platinum
and carbon surfaces.

The multi-step surface reaction model is coupled
to mass transport equations for mobile species.
To capture the local transport resistances, we
consider the diffusive transport through the pore-
phase, water layers, and ionomer thin films over
the reactive Pt nanoparticles. Additionally, we
consider the dynamic evolution of the two-phase
liquid-gas mixture in the porous catalyst struc-
ture, which critically affects local transport resis-
tances and influences the concentration of reactive
species at catalytic sites.

Literature:
[1] PEMTASTIC project web site: https://pemtastic-project.eu/
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2.5 Multi-scale Modelling of Organic Redox Flow Batteries

Redox flow batteries (RFBs) are a promising technology for the stationary energy storage
from renewable energy sources. Organic molecules are an attractive alternative to con-
ventional metal-based electrolytes because they can be synthesised locally, thus reducing
supply chain risks. Within the European Marie Skłodowska-Curie Doctoral Network PRE-
DICTOR, a rapid, high-throughput method is being developed to identify and develop mate-
rials for electrochemical energy storage. This revolutionary approach comprises modelling
and simulation tools for computational screening of organic chemicals, automated chemi-
cal synthesis and characterisation, artificial intelligence-based self-optimisation methods,
and data management systems.

Contributors: R. P. Schärer, J. O. Schumacher
Partners: ICT, SCAI, DTU, CNRS, KIT, UNSW, Aalto University, CEB, CellCube, SCM, AM
Funding: European Union’s Marie Skłodowska-Curie programme
Duration: 2024–2028

RFBs represent a promising electrochemical en-
ergy storage technology where energy is stored
in liquid electrolytes containing dissolved elec-
troactive molecules. These electrolytes are circu-
lated through electrochemical flow cells, where the
molecules undergo reversible redox reactions at
electrode surfaces, enabling energy storage and
release through electron transfer in the two half-
cells. This architecture allows independent scaling
of power and energy capacity, making flow batter-
ies attractive for grid-scale applications requiring
long-duration storage.
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Fig. 1: Simplified geometry of a flow battery cell.

Within the PREDICTOR project [1], high-
throughput methods are being developed that will
revolutionize the screening and development of
materials for electrochemical energy storage. The
project focuses on redox flow batteries as one of
the most promising technologies for medium- to
long-term energy storage, where the accelerated
development of organic electrolytes offers signifi-

cant potential to improve these systems and tailor
them for specific applications.
The project encompasses three areas: 1) mod-
elling, simulation and computational screening,
2) experimental high-throughput methods, and 3)
data management and validation. An existing com-
putational screening method based on a digital
battery twin from the EU-funded SONAR project
serves as the starting point for screening conven-
tional and shuttle-based RFBs.
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Fig. 2: Multiscale modelling approach of porous electrodes.

ICP contributes to the PREDICTOR project by su-
pervising two PhD candidates working on critical
modelling components. The first PhD project fo-
cuses on processes at the electrochemical inter-
face by describing the double layer structure and
multi-step reactions. This interfacial model will be
integrated into pore-scale models to describe re-
active mass transport in porous electrodes and de-
rive macroscopic transport properties (see Figure
2). The second PhD project develops macroscopic
cell-scale models (see Figure 1) to describe the
coupled transport of mass, charge, and energy.
This work focuses on developing and integrating
thermodynamically consistent membrane models.
Additionally, ICP actively contributes to data man-
agement, which is critical for the project’s success.

Literature:
[1] PREDICTOR project web site: https://www.rfb-predictor.eu
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3 Organic Electronics and Photovoltaics

Organic semiconductors are used in a wide range of applications mostly in the form of OLED dis-
plays in everyday products that are used by mobile phones up to 77-inch TVs.

The particular advantages of OLEDs are their thin construction, large viewing angle, color gamut
and high energy conversion efficiency. OLEDs consist of a sequence of thin organic semiconduc-
tor layers placed in-between two metallic electrodes. Organic semiconductors have equally gained
attention as strong light absorber and charge transport materials in organic solar cells, with which
flexible PV modules can be built. In recent years, organic semiconductors have also been key to
the ground-breaking hybrid organic-inorganic perovskite solar cell technology, which is the hottest
emerging photovoltaics technology and shows great potential for LED and memristor applications,
too. Luminescent quantum dots are important ingredients in novel displays and thus are also sub-
ject of our research. Further into the invisible range of electromagnetic waves, terahertz photonics
is a growing technological field for non-invasive diagnostics applications.

The ICP carries out R&D in the field of OLED, OPV, perovskite PV and non-linear optical crystals for
terahertz photonics technology by employing multi-physics computer models and devising novel
measurement systems. In the laboratory of the ICP, we fabricate OLEDs and novel solar cells
on a small scale for R&D purposes and have set up a novel terahertz photonics measurement
system for diagnostic purposes. We focus on device and material characterization methods by a
combination of advanced measurement and simulation technology and have gained experience
with machine learning. This chapter gives an overview on ongoing R&D projects carried out in this
interdisciplinary research field of the ICP.

A. Sachan C. Kirsch E. Knapp F. Garjan F. Ji

K. Pernstich M. Jazbinsek U. Puc E. Comi M. Battaglia
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3.1 Terahertz imaging of encapsulation films for Perovskite
solar cells

Within the scope of the Innosuisse-KIAT international research project PACSTATE, one of
the goals is to develop terahertz imaging and characterization methods for novel encapsu-
lation films used in perovskite solar cells. By utilizing terahertz technology, we aim to gain a
better understanding of the underlying physics and long-term stability of the encapsulation
materials, thereby enhancing the performance and lifespan of the perovskite solar cells.

Contributors: U. Puc, M. Auer, M. Jazbinsek
Partners: Solaronix, Fluxim, ZHAW-IMPE, Ajou University, UNIS, Pusan National University
Funding: Innosuisse – KIAT South Korea
Duration: 2024–2026

The terahertz (THz) system developed at ZHAW
ICP is used to investigate the encapsulation ma-
terials for perovskite solar cells in this project.
The aim is to utilize THz technology for advanced
non-destructive testing (NDT) methods to evalu-
ate the uniformity of the new materials, degrada-
tion by-products, and optical/electrical properties
that affect the final photovoltaic performance. Our
THz system is based on organic electro-optic crys-
tals and can generate and detect ultra-broadband
THz waves with a frequency range of up to 20
THz. [1] This provides us with a unique advan-
tage over other commercially available THz sys-
tems in detecting far-infrared molecular vibrations
and phonon modes (optical lattice vibrations) in
various materials, as well as charge transport phe-
nomena in conducting or semiconducting materi-
als, [2,3].

Encapsulation films are commonly used to extend
and preserve the performance of solar cells by lim-
iting the ingress of environmental factors such as
humidity and oxygen. However, these encapsu-
lants must be optimized to achieve maximum per-
formance when applied to perovskite solar cells.
To accomplish this, we are investigating various
types of novel encapsulants using THz waves by
examining material modifications after they are ap-
plied to perovskite cells. Moreover, we are examin-
ing the homogeneity of the films by analyzing thick-
ness uniformity and defects. THz imaging is an
ideal tool for such investigations, as it is extremely
sensitive to variations in thickness and defects on

the surface or within the material. An example of
THz imaging of encapsulation materials with mul-
tiple surface defects is shown in the image.

Fig. 1: THz amplitude imaging of encapsulant materials re-
vealed surface defects that developed after the material was
subjected to various temperatures. The temperatures inves-
tigated were as follows: 1 – 80 ◦C, 2 – 90 ◦C, 3 – 110 ◦C,
4 – 130 ◦C, 5 – 150 ◦C, 6 – 170 ◦C, and 7 – 200 ◦C. The
original material (Nr. 8) was assessed at room temperature.
The resolution of the THz imaging was 100µm.

Literature:
[1] Puc, Bach, Günter, Zgonik, Jazbinsek; Adv. Photonics Res. 2 (2021).
https://doi.org/10.1002/adpr.202000098
[2] Puc, Yang, Kim, Kwon, Jazbinsek; Opt. Mater. Express 13 (2023).
https://doi.org/10.1364/OME.475427
[3] Santhosh, Puc, Jazbinsek, Oberlintner, Shvalya, Zavasnik, Cvelbar; Appl. Surf. Sci. 682,
161698 (2025). https://doi.org/10.1016/j.apsusc.2024.161698
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3.2 Terahertz spectroscopy of complex chalcogenides

In this Swiss-Ukrainian joint research project, we aim to explore the ultra-broadband tera-
hertz (THz) properties and functionalities of chalcogenide crystals. By obtaining new valu-
able information about (photo)conducting, dielectric and nonlinear optical parameters of
these materials, we aim to identify new materials for generation, modulation and detection
of THz radiation. The ICP is responsible for the optical, nonliner optical and THz character-
isation of the crystals, which are prepared by the Ukrainian partner.

Contributors: M. Auer, U. Puc, M. Jazbinsek
Partners: Uzhhorod National University (Ukraine)
Funding: SNSF
Duration: 2025–2028

For THz photonics, the measurable spectrum is
strongly depending on the used THz source and
detector material. Highly nonlinear optical molecu-
lar crystals offer unique advantages for THz-wave
generation compared to alternative methods. They
have a much broader THz generation range, which
can cover the whole THz range from 0.1-20 THz.
However, the most organic crystals lead to unde-
sired modulation of the spectrum and limited out-
put efficiency due to phonon-induced absorption
[1-3]. At ICP, we use organic crystals as THz
source and detector, which leads to a measur-
able THz range around 20 THz [4]. THz time-
domain spectroscopy (THz-TDS) experiments can

be performed in a transmission or a reflection
setup. Transmission setups give more accurate
results and are easier to implement and are there-
fore mostly used. However, the measurable ab-
sorbance is limited and strongly absorbing sam-
ples can only be measured in a reflection setup.
The setup at ICP is designed in a way, that it can
be switched from transmission to reflection geom-
etry. With both measurement geometries available
and a broad THz range the THz system at ICP is
optimal to extract the THz properties of complex
samples like chalcogenides and to identify possi-
ble materials for THz photonic applications.

Fig. 1: The measured absorbance of three chalcogenide single crystals with different thicknesses using THz-TDS in trans-
mission mode at ICP. The peaks indicate many phonon modes, which are responsible for the dispersion of the dielectric
susceptibility [4]. The dotted line indicates the maximum measurable absorbance in transmission, which is reached for
several peaks for the thickest sample (sample 1) in this example.

[1] Kwon, O-Pil and Jazbinsek, Mojca, J. Mater. Chem. C Vol. 12, No. 35, 2024.
[2] Park, Kim, Auer, Shin, Yoon, Yun, Yu, Puc, Kim, Jazbinsek, Rotermund, Kwon, Applied Physics
Reviews Vol. 12, No. 1, 2025.
[3] Lee, Puc, Kim, Jazbinsek, Kwon, Advanced Optical Materials Vol. 12 No. 13, 2024.
[4] Puc, Bach, Günter, Zgonik, Jazbinsek, Adv. Photonics Res. 2 2021.
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3.3 Design and Development of Industry Compatible Charac-
terisation Equipment for Emerging Perovskite and Perov-
skite/Silicon Tandem Solar Cells (DICE)

This Swiss/Finnish innovation project aims to develop innovative testing systems for emerg-
ing solar technologies, with a focus on perovskite and perovskite/silicon tandem cells. Cen-
tral to DICE are an industrial high-speed solar simulator, a multispectral imaging tool for
quality control, and simulation models to investigate ion migration and its impact on device
performance.

Contributors: E. Comi, C. Kirsch, E. Knapp
Partners: Endeas Oy, Fluxim AG, Abo Akademi, Tampere University, EPFL
Funding: Eureka/Innosuisse
Duration: 2024–2027

Perovskite solar cells (PSCs) and per-
ovskite/silicon tandem solar cells (PSTs) are
among the most promising approaches for high-
efficiency photovoltaics. While PSCs have already
achieved certified power conversion efficiencies
(PCEs) of 26.1 %, PSTs have reached nearly
35 %. By combining the advantages of both tech-
nologies, there is significant potential for industrial
application.
A key characteristic of PSCs is the presence of
mobile ions, which influence transient processes.
These affect the electrical response of the cells
and lead to phenomena such as hysteresis and
scan-rate dependence in IV measurements. This
presents a challenge for fast and accurate effi-
ciency determination, which is essential for indus-
trial production processes.
The Finnish industry partner Endeas has exten-
sive experience in inline measurement of silicon
cells and can record IV characteristics within sec-
onds. The goal is to adapt this measurement tech-
nology for PSTs. However, due to the complex
transient behavior of PSCs, additional data inter-
pretation is required. This is where simulations be-
come advantageous.
ICP and Fluxim use the software Setfos, which is
based on drift-diffusion models and can simulate
time-dependent ion migration processes in solar
cells. A precise model can help to assess the
steady-state performance of PSTs through param-
eter extraction and machine learning.
A further challenge for the industrization is the up-
scaling of PSTs that often leads to lateral inho-
mogeneities and defects. These can be analyzed
using imaging techniques such as photolumines-

cence (PL), electroluminescence (EL), or lock-in
thermography (DLIT, ILIT). Fluxim and the ICP
have already developed a multispectral imaging
system (see Fig. 1), which will now be expanded
for PST characterization, especially in terms of a
camera and an illumination source that cover the
necessary spectral range. Additionally, the 1D+2D
simulation tool Laoss will be extended with a third
electrode to enable realistic simulation of lateral ef-
fects in tandem cells.

Fig. 1: This imaging prototype is being further developed in
the DICE project.
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3.4 Investigating charge transport in organic semiconductors
with electrochemical methods and modelling

Today organic semiconductors are used in many technological applications. However,
these materials must be thoroughly studied in order to design even better products. Our
project aims to improve the characterization of organic semiconductors using electrochem-
ical measurements in combination with computer simulations.

Contributors: Ş. C. Cevher, G. Kissling, B. Ruhstaller, K. P. Pernstich
Partners:
Funding: SNSF
Duration: 2020–2025

Nowadays organic semiconductors are widely
used in display and lighting applications and in the
fabrication of novel transistors, sensors and solar
cells. In order to produce better devices, the un-
derstanding of the physical processes and the ma-
terials properties of organic semiconductors needs
to be improved. In this interdisciplinary project we
investigate organic semiconductor materials using
electrochemical methods and multiphysics mod-
elling.
The aim of the project is the development of a re-
liable method for the characterization of a range
of organic semiconductor properties and materials
parameters. The experiments will give us insight
into some properties which have so far been very
hard or almost impossible to measure.

Fig. 1: Integrated Reference-Counter Electrode (IRCE) with
Kapton tape securing the partially insulated Ag wire and cre-
ating a reservoir for the gel polymer electrolyte.

We initially used electrochemical methods in so-
lution to characterize the energy levels of organic
semiconductor molecules [1]. While this approach
is straightforward, it has a major drawback: the
measured energy levels often differ from those in
the solid state, where these materials are actu-
ally used. To overcome this limitation, we de-
veloped and recently published a novel technique
[2] that enables electrochemical measurements di-
rectly on thin films. At the heart of this method is

an integrated reference-counter electrode (IRCE),
which is shown in Figure 1. It consists of a small
reservoir of gel polymer electrolyte and an embed-
ded silver wire acting as a quasi-reference. The
compact structure can be gently pressed onto a
semiconductor-coated substrate, allowing voltam-
metry to be performed on thin films.
This setup was used, for example, to measure a
thin film of the OLED material NPB. To calibrate
the measurements, we coated the IRCE with a
thin layer of ferrocene, a well-known redox stan-
dard. The resulting voltammogram shown in Fig. 2
clearly displays both the ferrocene peaks and the
onset of NPB oxidation. From this data, we ex-
tracted the HOMO energy of NPB to be –5.43 eV,
which matches well with literature values obtained
by more complex methods. This confirms that our
technique can provide reliable and accessible en-
ergy level measurements in actual device-like con-
ditions. We believe this method has the potential
to become a standard tool for organic electronics
research.

Fig. 2: Electrochemical measurement of an NPB thin film
using the integrated reference-counter electrode (IRCE).
The voltammogram shows both the ferrocene redox peaks
(used for calibration) and the onset of NPB oxidation, from
which the HOMO level is determined. This demonstrates
that the IRCE enables reliable energy level measurements
directly in thin films.

[1] G. P. Kissling et. al., doi: 10.1016/j.orgel.2023.106888

[2] S. C. Cevher et al., doi: 10.1016/j.orgel.2024.107152.
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3.5 Accelerated aging and modeling of perovskite solar cells

As part of this SNSF-funded research project in collaboration with the Saule Research In-
stitute in Poland, we aim to rapidly and reliably understand, model, and predict the degra-
dation of perovskite solar cells through accelerated aging combined with non-destructive 
in-situ characterization. To support this, we have developed a custom in-house aging set-
up capable of varying light intensity and temperature, while maintaining the device at max-
imum power point or other critical operating conditions.

Contributors: S. P. Shaji, K. Meraji, W. Tress
Partners: Saule Research Institute Wroclaw Poland
Funding: SNSF
Duration: 2023–2027

Perovskite solar cells (PSCs) represent one of the
most rapidly advancing photovoltaic technologies,
having achieved unprecedented gains in power
conversion efficiency (PCE) compared to other so-
lar cell types. Despite laboratory-reported efficien-
cies exceeding 26.9% after nearly two decades of
research, their widespread commercialization re-
mains hindered by a critical challenge: long-term
operational stability.
Accelerated aging techniques enable rapid and ac-
curate assessment of device lifetimes under real-
istic operating conditions [1]. This project seeks to
tackle the stability issue by employing controlled
stress factors to induce degradation, while uti-
lizing in situ characterization methods to probe
underlying degradation mechanisms under real-
world conditions. To analyze the resulting high-
dimensional data, we integrate big data analytics.
We have developed a custom-built accelerated ag-
ing platform that allows precise tuning of illumi-
nation intensity from 0.1 to 10 suns and temper-
ature control from 10°C to 100°C. The setup is

designed to be modular and glovebox-compatible,
enabling degradation studies in various controlled
atmospheres. In parallel, we are developing ma-
chine learning algorithms capable of analyzing the
rich datasets produced via in-situ measurements
during stress testing, with the goal of extracting
rapid insights into evolving charge transport and
degradation signatures.

In the long term, this research aims to significantly
accelerate the development of stable perovskite
photovoltaics, facilitating their integration into the
global energy market. Such progress would con-
tribute meaningfully to decarbonization efforts and
mitigate the impacts of climate change on our so-
ciety.

Literature:
[1] Zhao, X., Liu, T., Burlingame, Q.C., Liu,
T., Holley III, R., Cheng, G., Yao, N., Gao,
F., Loo, Y.L., Accelerated aging of all-inorganic,
interface-stabilized perovskite solar cells. Science,
377(6603), pp.307-310, 2022.

Fig. 1: (A) Aging setup with 24 channel MPP board and temeperature and light intensity controlled stage (B) Stability data
of some perovskite cells which were fabricated in our lab.
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3.6 Autoencoder for Parameter Estimation and Device Simula-
tion of Perovskite Solar Cells

Knowing the physical processes is important for a deep understanding of perovskite solar
cells (PSCs). For this, it is important to know the behavior of charge transport or recombi-
nation, for example. However, some key parameters related to these processes cannot be
measured directly or only with great effort and high uncertainty. To tackle these issues, an
approach that uses a combination of device simulation and Machine Learning (ML) is used.
Applying the method to real-world devices shows the practical relevance of this study.

Contributors: O. Zbinden, E. Comi, E. Knapp, W. Tress
Partners:
Funding: ERC
Duration: 2023–2025

Within only a decade, the power conversion effi-
ciency of PSCs has dramatically increased, reach-
ing almost 27%. However, PSCs are still not fully
understood. To push the technology of PSCs to
the next level, it is crucial to gain a deeper under-
standing of these devices.
Here, a PSC device is simulated with a drift-
diffusion model. This initial device is then used as
a starting point to vary parameters of interest in a
random combination, all of them within physically
reasonable boundaries. The dataset generated in
this way can then be used to train an ML model.
Fig. 1 shows the used model, an Autoencoder (AE)
which is modified by a custom loss function that
not only acts on the output, but also on the la-
tent parameter space. The encoder takes an n-
dimensional input, the current, and transforms it to
the so-called latent space with a chosen dimen-
sionality m, in this case corresponding to the ran-
domly varied parameters in simulation. The de-
coder then takes these latent parameters and tries
to reconstruct the n-dimensional input data.

Fig. 1: The currents, denoted as x, are passed to the en-
coder part of the AE. The true parameter values y, known
from simulation, are not passed to the encoder, they only
act on the loss function.

After the AE is trained, the encoder and decoder
can be used independently. The encoder is used
to predict physical parameters, and the decoder
mimics a fast device simulator. To demonstrate the
reliability of the AE predictions, the estimated pa-
rameters are again used in simulation, and the re-
sults are compared to the experimental measure-
ments. Additionally, these simulations are com-
pared to the current-voltage (J-V) curves predicted
by the AE, to show how well ML performs on this
task.
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Fig. 2: a compares the J-V curves predicted by the decoder and the simulation based on the estimated parameters. The
results are almost identical, the decoder is 1000 times faster than the device simulation to obtain these curves. b: Measured
J-V curves and the simulation, based on the AE-estimated parameters. The overall shape is covered very well, but some
details are missed due to limitations in simulation.
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3.7 Ion Migration in Perovskite Solar Cells

In this project we are investigating how mixed ionic-electronic conductivity affects the per-
formance of perovskite solar cells. Depending on their distribution in perovskite, mobile 
ionic charges can modify the ability of the solar cell to extract current under illumina-
tion. We are developing new characterisation approaches based on spectrally resolved 
measurements with temperature control, which can help to elucidate the device physics of 
perovskite solar cells.

Contributors: M.A. Torre, W. Tress
Partners:
Funding: ERC
Duration: 2021–2025

Mobile ionic charges in perovskite solar cells
(PSCs) can screen the electric field, reducing the
driving force for charge extraction. We recently
showed that ionic field screening can be visu-
alised as spectral changes in the External Quan-
tum Efficiency (EQE) [1], as seen in Fig. 1a. For
carbon-based PSCs, the EQE drops at longer
wavelengths with ionic screening, indicating that
current losses mainly originate from charges gen-
erated deeper in the absorber. We can compare
the effect of different ionic distributions on the EQE
by cooling the device under different voltages, ef-
fectively freezing the ions.
The slow response of mobile ions to changes in the
applied voltage leads to scan rate-dependent hys-
teresis in the current density-voltage (J-V) curve
[2], as shown in Fig. 1b, where a significant cur-

rent loss (’bump’) appears in the backward (BW)
scan. By controlling the temperature, setting the
initial precondition, and varying the bias voltage
for EQE measurements in the same order as in
the J-V scan, we can reconstruct the J-V curve
with spectral information, enabling direct visualisa-
tion of ionic screening and the origin of hystere-
sis (Fig. 1c). Varying the temperature such that
ions can respond during the voltage scan mimics
the effect of changing the scan rate, as ionic mo-
bility is strongly temperature-dependent. This ap-
proach allows us to explain current losses and J-
V hysteresis from inferred changes in the spatial
collection efficiency caused by mobile ions. We
are applying this characterisation method to differ-
ent PSC architectures and complement it with op-
tical and drift-diffusion simulations to deepen our
understanding of PSC device physics.

Fig. 1: a) EQE of a carbon-based PSC measured at low temperature, comparing the effect of different ionic distributions
(cooling voltages). b) J-V curve, showing hysteresis and a current loss before short-circuit (bump). c) EQE-V map for the
J-V curve in b).

Literature:
[1] M. A. Torre Cachafeiro, E. L. Comi, S. Parayil Shaji, S. Narbey, S. Jenatsch, E. Knapp, W. Tress, Adv.
Energy Mater., 15, 2403850, 2024.
[2] W. Tress, N. Marinova, T. Moehl, S. M. Zakeeruddin, M. K. Nazeeruddin, M. Grätzel, Energy Environ. Sci.,
8, 995–1004, 2015.
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3.8 Down-conversion White Light-Emitting Diodes Based on
Lead-free Perovskite Derivatives

The development of efficient and eco-friendly white Light-Emitting Diodes (LED) materials is
crucial for advancing next-generation lighting technologies and achieving carbon neutrality
goals. Here, we have developed a series of novel, stable, and non-toxic lead-free perovskite
derivatives that exhibit diverse emission colors, some of which can be successfully applied
in down-conversion white LED.

Contributors: F. Ji, W. Tress
Partners:
Funding: SNSF (Postdoctoral Fellowships)
Duration: 2023–2025

With the growing demand for sustainable and low-
power lighting, white LEDs have become a major
focus in materials science. Designing new lumi-
nescent materials is essential to improve perfor-
mance while eliminating toxic or unstable compo-
nents
Metal halide perovskites have attracted substan-
tial attention as potential luminescent materials
for LEDs, owing to their tunable bandgaps, high
photoluminescence quantum yields, and solution-
processability. Despite these advantages, domi-
nant lead-based perovskites exhibit narrow emis-
sion spectra due to band-to-band radiative recom-
bination, necessitating the combination of multiple
emitters (red, green, and blue) to generate white
light. Furthermore, the inherent toxicity of lead and
the limited stability of these materials severely con-
strain their practical applications in lighting tech-
nologies.
To overcome these limitations, we developed a se-
ries of bismuth and antimony-based lead-free per-
ovskite derivatives, which are non-toxic and ex-
hibit significantly improved environmental stabil-
ity. These materials exhibit self-trapped exciton
(STE) emission, a unique exciton recombination
process that typically results in broadband photo-

luminescence and is highly desirable for achieving
single-component white-light emission. As illus-
trated in Figure 1a, we prepared a series of com-
pounds with a general formula AxBX(3+2x), where
A is organic cations and X is halide anions. Here,
we mainly take three representative materials—S-
1 to S-3—as examples to demonstrate that their
emission properties can be systematically tuned
by compositional modification, exhibiting diverse
photoluminescence under ultraviolet excitation, in-
cluding blue (S-1), warm yellow (S-2), and red (S-
3).
Among them, the S-2 sample emits a warm, yel-
low light under excitation by a 254 nm UV lamp,
which closely resembles white light. We therefore
coated S-2 onto a 275 nm commercial LED chip to
fabricate a down-conversion white LED device. As
shown in Figure 1b, the resulting LED emits white
light, attributed to the STE emission from S-2. The
luminescence intensity increases with increasing
input current (Figure 1c), confirming the material’s
excellent down-conversion capability and potential
for solid-state lighting applications. These materi-
als would hold even greater application potential if
they could be further developed for use directly in
electroluminescent white light LED devices in the
future.

Fig. 1: a) Optical images of three lead-free perovskite derivatives under natural light and 254 nm UV light. b) Down
conversion white LED based on S-2 material coated on a 275 nm LED. C) Current-dependent emission of the down-
conversion white LED.
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3.9 Understanding and Manipulating Resistive Switching in
High-Performance Memristors

We study the device physics of emerging perovskite semiconductors—both in solar cells
and memristors—by fabricating and characterizing a wide range of memristor stacks. Our
goal is to uncover the origin of their ultra-fast resistive switching, in which a ten-orders-of-
magnitude

(
≈ 1010)

current jump occurs in just tens of nanoseconds. Understanding this
abrupt transition is key, since it’s precisely that speed-and-contrast combination that makes
memristors attractive. Beyond high-density, non-volatile memory, these devices are being
pursued as artificial synapses for neuromorphic hardware and as low-power, in-memory AI
accelerators.

Contributors: M. Mohammadi, W. Tress
Partners:
Funding: ERC
Duration: 2021–2025

Solar cells based on metal-halide perovskite ab-
sorbers became the rising star in photovoltaics re-
search. Their outstanding opto-electronic prop-
erties enabled a power-conversion efficiency ex-
ceeding 26%. While developing these devices,
researchers observed a pronounced hysteresis
in the current–voltage (I − V ) curve. Follow-up
studies revealed a slow transient response and
a strong dependence on the voltage-sweep rate,
providing compelling evidence that mobile-ion mi-
gration is responsible for the hysteresis.
Although hysteresis is usually considered a draw-
back in perovskite solar cells, the same behaviour
is a virtue in resistive-switching devices such as
memristors. The looped (I−V ) response naturally
furnishes two stable, non-volatile resistance states
that can be toggled with moderate forward and re-
verse voltages (1 V ). After programming, the state
is checked with a small read voltage; under this
gentle bias the response is nearly ohmic, reveal-
ing either a low-resistance ON state or a high-
resistance OFF state.
Most memristor stacks still require an initial for-
mation (or electroforming) step in which voltages
above 2 V are applied before reliable programming
is possible. This high-voltage conditioning raises
power consumption, introduces device-to-device
variability, and can accelerate dielectric degrada-
tion—factors that hinder large-scale integration.
In our recent work we engineered a memristor
that operates without any forming step, yet retains
benchmark performance. This forming-free archi-
tecture removes a major bottleneck for deploy-
ing memristors in neuromorphic and non-volatile
memory hardware.

Fig. 1: I–V curves of a memristor after formation

Fig. 2: The black and red traces show the formation I–V
curves for a forming-dependent and a forming-free memris-
tor, respectively. Compared to Fig. 1, the formation trace of
the forming-free memristor is identical to its post-formation
I–V curves.
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3.10 Characterization and Modelling of Interfaces in Perovskite-
Silicon Tandem Devices

Our work focuses on understanding and controlling interface-related losses in emerging
tandem solar cell technologies that combine metal-halide perovskites with silicon. These
tandem devices offer the most promising route to push photovoltaic efficiencies beyond
the single-junction limit of silicon. However, scaling such devices from small lab samples
to industrially relevant modules introduces new challenges related to interfacial recombi-
nation, charge extraction, and mechanical stability—many of which are not well understood
at the microscopic level.

Contributors: K. Meraji, T. Krucker, B. Ruhstaller, W. Tress
Partners: EPFL (PV-LAB), CSEM (PMD,NANO), FLUXIM, KTU
Funding: SNSF (Sinergia)
Duration: 2024–2028

Our group leads a multiscale characterization and
modelling platform to probe the functional prop-
erties of self-assembled monolayers (SAMs) at
the nanometre scale. We combine electro-optical
measurements with numerical simulations using
drift-diffusion models that account for mobile ions
and photon recycling. These studies reveal how
SAMs modify charge transport, energy barriers,
and recombination at buried interfaces.
At the device level, we evaluate the electrical
and optical behavior of single-junction and tandem
cells using steady-state and transient methods.
This helps identify loss mechanisms and informs

material selection and processing strategies. We
also study the upscaling process from lab-scale
devices to mini-modules, with a focus on how spa-
tial inhomogeneities and interconnects affect per-
formance. For example, EL characterization will
be performed on the submicron scale using con-
focal microscopy to elucidate the effect of SAMs
on the emission and visualize how the conformity
of perovskite films over microtextured silicon sub-
strates affects device stability Figure 1. Combining
characterization and simulation, we aim to corre-
late fabrication quality with long-term stability un-
der operational conditions.

Fig. 1: Electroluminescence mapping of a silicon-perovskite interface revealing spatial variations in emission intensity.
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3.11 Understanding Solar Cells at Nanoscale for Efficient Re-
newable Energy

Perovskite solar cells (PSCs) have achieved remarkable efficiency gains, yet further im-
provements demand insights into nanoscale phenomena affecting performance. This project
explores the structural and optoelectronic properties of PSCs using atomic force microscopy
(AFM) and complementary spectroscopy. By analyzing grain boundaries, defects, and in-
terfaces, we aim to uncover mechanisms that limit efficiency and stability, guiding the de-
velopment of more efficient and durable solar cells.

Contributors: A. K. Sachan, L. N. Schusser, T. Sachsenweger Ballantyne, F. Ji, W. Tress
Partners:
Funding: ERC Starting Grant
Duration: 2020–2025

Photovoltaics (PV) are central to a sustainable,
low-CO2 energy future. PSCs have seen a rapid
rise in power conversion efficiency (PCE) from
∼3% to over 25% in just a decade. However, fur-
ther progress toward the theoretical limit (∼33%)
requires a better understanding of nanoscale
structures within the perovskite layer, which con-
sists of polycrystalline grains (10–500 nm) sepa-
rated by grain boundaries (GBs). Imperfections
and defects at GBs and within grains introduce trap
states that hinder device performance.

We use advanced AFM techniques—such as
Kelvin probe force microscopy (KPFM) and con-
ductive AFM (cAFM)—to map surface potential,
conductivity, and work function at the nanoscale.
These methods reveal how grain structure, de-
fects, and interfaces affect charge carrier behavior.
A novel cross-sectioning approach enables direct
access to buried interfaces, allowing us to probe
structural and functional changes under electrical
bias, light exposure, and varying environments.

To achieve a comprehensive picture, we combine
AFM-based techniques with Raman and photolu-
minescence spectroscopy in colocalized studies.
This multi-modal approach provides insights into
both morphology and optoelectronic behavior, in-

forming the design of PSCs with enhanced effi-
ciency and long-term stability. Our findings will
also contribute to broader materials science appli-
cations in nanotechnology and energy systems.

Fig. 1: High-resolution investigation of solar cell properties
using atomic force microscopy and Kelvin probe force mi-
croscopy.
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4 Sensor and Measuring Systems

Our team of talented ZHAW engineers and scientists has been applying for more than ten years
well established and emerging measurement methods to relevant medical and biological problems.
We collaborate with startups, international companies as well as leading academic partners and
bring our engineering expertise to projects requiring state-of-the-art technical development.

We have been dedicated to creating impact by cultivating an entrepreneurial mindset and thinking
beyond academic publishing, focusing on technology transfer from the laboratory to industry. Our
funding sources include the Swiss Innovation Agency (Innosuisse), the EU (Eurostars, Horizon
2020), the Swiss National Science Foundation (SNSF) and various private foundations as well as
direct funding from industry.

Our core competence is the development of new sensors and measurement methods in biomed-
ical engineering. In particular, we are experienced in skin science and technology: artificial skin
models, computer simulations, development of new sensors, etc We benefit from the state-of-the-
art infrastructure of the Optoelectronic Research Laboratory (OLAB) that allows the development
of demanding prototypes.

C. Aybar D. Fehr D. Bajrami F. Spano J. Zwicky

M. Hostettler M. Boldrini M. Bonmarin R. Hagen V. Buff
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4.1 Lock-in Thermal Imaging for the Characterization of Pho-
tothermal Transparent Thin Films

This work explores the use of a novel Lock-in Thermography platform, Calorsito, for the
detailed characterization of photothermal thin films. As a high-sensitivity imaging method,
Lock-in Thermography enables the detection of subtle thermal signatures, material hetero-
geneities, and nanoparticle clustering. The Calorsito system integrates multi-wavelength
infrared excitation with precise thermal imaging capabilities. Thin films composed of Fe3O4,
Fe3O4@Cu2xS, and Chlorophyllin were investigated. The device successfully revealed lo-
calized heating effects and aggregation patterns. Experimental results demonstrated that
average visual transmittance (AVT) was a more critical factor than concentration in deter-
mining temperature increase, underscoring the importance of AVT in governing photother-
mal response and light absorption efficiency.

Contributors: G. Butler, H. Carter, D. Bajrami, S. Shrestha, D. Shi, M. Bonmarin
Partners: NanoLockin GmbH, EMPA, University of Cincinnati
Funding: SNSF Scientific Exchange
Duration: 2024

Photothermal thin films are gaining momentum as
a means of converting ambient light into heat, of-
fering promising applications in sustainable en-
ergy and smart building integration. Unlike pho-
tovoltaics, which depend heavily on direct sun-
light, photothermal systems can harvest diffuse
light and convert it into thermal energy even under
low-light conditions.
In this project, thin films incorporating Fe3O4,
Fe3O4@Cu2xS, and Chlorophyllin nanoparticles
were synthesized. Fe3O4 offers strong UV absorp-
tion and magnetic properties, while Fe3O4@Cu2xS
benefits from localized surface plasmon reso-
nance (LSPR), granting it broad absorption from
UV to near-infrared. Chlorophyllin, a biogenic pig-
ment, is well-suited for visible light absorption and
eco-friendly applications.
The films were deposited on microglass slides us-
ing spin coating, and their optical and thermal
properties were systematically studied. UV-Vis
spectroscopy was used to measure absorbance
spectra from 300–1000 nm. Thermal behavior was
then characterized using the Calorsito VIS-NIR de-
vice (NanoLockin GmbH), which enables detection
of heat signatures at seven discrete wavelengths
ranging from 400 to 940 nm.
Lock-in thermography (LIT) works by modulating
incident light and measuring surface temperature
changes using an infrared camera. The resulting
phase and amplitude maps reveal heat distribution

and highlight inhomogeneities due to particle ag-
gregation or film defects. This high sensitivity tech-
nique is especially powerful for nanomaterial anal-
ysis, where thermal signals are often subtle.
Experimental results showed strong alignment be-
tween UV-Vis absorbance and thermal response.
Fe3O4@Cu2xS exhibited the highest photothermal
conversion, especially at longer wavelengths, due
to its LSPR-enhanced absorption. Chlorophyllin
demonstrated efficient heating in the visible spec-
trum, particularly around 400 nm, while Fe3O4 re-
mained limited in thermal performance except un-
der broad-spectrum white light, where IR contribu-
tions play a role.
Temperature increase (∆T ) under white light was
inversely correlated with Average Visual Trans-
mittance (AVT). Films with lower AVT values ab-
sorbed more light and generated higher temper-
atures, confirming the trade-off between trans-
parency and thermal performance. Additionally,
LIT allowed for the visualization of heat hot spots
caused by particle clustering, which are invisible to
conventional imaging.
This study validates the Calorsito LIT platform as
a versatile and accurate tool for characterizing ad-
vanced photothermal materials. Its ability to corre-
late optical absorption, thermal behavior, and film
uniformity makes it well-suited for material screen-
ing and optimization in photothermal applications
such as energy harvesting, smart coatings, and
biomedical devices.
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4.2 Miniaturized Magnetic Actuation System for Precision Con-
trolled Flow in Medical Environments

This development focuses on the miniaturization and redesign of a magnetic actuation sys-
tem intended for ultra-precise flow manipulation in highly constrained environments, par-
ticularly within the medical field. Building upon the scalable simulation models established
in earlier stages of the project, this phase explores the translation of core principles to a
system with an internal flow diameter of just 1 mm. The reduction in scale imposed sig-
nificant design and control challenges, which were overcome through an iterative process
involving advanced simulation, prototyping, and integration of high-precision manufactur-
ing techniques.

Contributors: M. Boldrini, V. Buff, G. Boiger
Partners: Confidential
Funding: Innosuisse
Duration: 2023-2025

Magnetic actuation technologies offer inherent ad-
vantages in hygienic applications due to their con-
tactless operation and sealed geometry. However,
their scalability to diameters below 1 mm intro-
duces new constraints on magnetic field strength,
thermal management, and mechanical tolerances.
This research stage focused on adapting previ-
ously validated actuation concepts to meet the de-
mands of miniaturized flow systems, with particu-
lar attention to energy efficiency, precision control,
and dynamic response under varying operational
conditions.
The newly developed system leverages a hybrid
configuration of permanent magnets and dynami-
cally controlled electromagnetic coils. To address
the extreme geometric constraints, customized
micro-fabrication strategies were employed along-
side redesigned magnetic field paths optimized via
high-resolution finite element simulations. These
simulations were critical in predicting field interac-
tions, component alignment tolerances, and satu-
ration behaviors at reduced scales (Fig. 1).

Fig. 1: Magnetic field simulation of the miniaturized configu-
ration.

One key outcome was the identification and miti-
gation of non-linear force behaviors that become
prominent at miniature scale due to boundary ef-
fects and increased sensitivity to magnetic mis-
alignment. Control algorithms were refined to com-
pensate for these behaviors, allowing the system
to maintain stable operation with minimal over-
shoot and high repeatability even at sub-millimeter
motion ranges. Dynamic simulations were con-
ducted to characterize response times and energy
consumption across a range of operational condi-
tions (Fig. 2).

Fig. 2: Simulated force response and displacement curve at
1 mm system scales.

Prototypes of the system demonstrated a strong
correlation with simulation predictions, confirming
the feasibility of the miniaturized design. The de-
vice maintained precise, repeatable actuation in a
highly compact footprint, meeting key design cri-
teria for integration into medical platforms requir-
ing sterile, contactless, and highly controlled flow
management.
This work represents a substantial step in trans-
lating scalable magnetic actuation technology into
micro-scale systems suitable for sensitive applica-
tions.
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4.3 Point-of-Care Device for Blood Ammonia Monitoring

Hyperammonemia and its neurological consequences, such as hepatic encephalopathy,
affect up to 45% of cirrhotic patients and can lead to coma or death. This project aimed
to develop a portable, user-friendly, and cost-effective point-of-care diagnostic device for
rapid quantification of ammonia in blood. The device is designed to read a fluorescence-
based pH-gradient polymersome assay and is intended to support regular monitoring by
healthcare professionals and patients.

Contributors: D. Fehr, J. Zwicky, M. Wyrsch, S. Steiger, R .Hagen,
C. Grossmann, F. Spano, M. Bonmarin

Partners: Versantis AG
Funding: Innosuisse
Duration: 2022–2025

In this project, a compact point-of-care (POC) di-
agnostic prototype device was designed and im-
plemented in collaboration with Versantis AG. The
device quantifies ammonia in blood by measur-
ing fluorescence changes in a pH-sensitive dye
encapsulated within polymersomes developed by
Versantis. These vesicles respond to ammonia dif-
fusion by altering their internal pH, which in turn
modulates the dye’s fluorescence intensity [1].

The optical system was designed to enable stable
ratiometric fluorescence detection using a single
photodiode and a custom tunable bandpass filter.
This configuration allows sequential measurement
of reference and signal wavelengths, which helps
reduce variability due to sample positioning and
component tolerances.

The electronics were adapted to meet the con-
straints of a portable device. The circuit design
was refined to reduce size and improve resistance
to electromagnetic interference. A simple user in-
terface was implemented, consisting of physical
buttons and a display screen for initiating measure-
ments and reading results. Calibration data and
test outputs are stored on a removable SD card,
and a graphical interface was developed to support
calibration and data visualization via a connected
computer.

The fluidic system was designed to minimize user
involvement, handle small blood volumes, and en-
sure consistent mixing with the reagent. Follow-
ing the displayed instructions, the user loads a
pouch containing the reagent into the device, fills a
single-use transfer pipette with the blood sample,
and inserts the filled pipette into the device. Au-

tomation was achieved using custom-formed blis-
ter pouches and a servo-actuated pipette mech-
anism. Several iterations were made to improve
the reliability of sample handling, including adjust-
ments to pipette insertion depth and blister geom-
etry. These refinements helped reduce variability
in the assay and improved overall performance.
The final prototype, as shown in Fig. 1, allows for
ammonia quantification from an 80 µL blood sam-
ple within seconds, covering a clinically relevant
concentration range of 30 µM to 800 µM. It meets
ICH M10 validation criteria and provides a founda-
tion for further development and industrialization of
the POC device, with potential to support improved
disease monitoring and patient care.

Fig. 1: Final prototype of the point-of-care testing device for
the quantification and monitoring of blood ammonia levels
using the assay developed by Versantis.

References:
[1] A. Spyrogianni, C. Gourmel, L. Hofmann,
J. Marbach, and J.-C. Leroux, “Optimization of
an ammonia assay based on transmembrane
pH-gradient polymersomes,” Scientific Reports,
vol. 11, no. 1, p. 22032, Nov. 2021.
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4.4 Innovative 3D printed semi-dry electrode for EEG portable
device

This thesis presents the design and development of innovative 3D-printed semi-dry elec-
trodes for EEG signal acquisition. The electrodes integrate a biodegradable hydrogel layer
and encapsulated electrolyte droplets that release upon contact with skin moisture, reduc-
ing impedance and enhancing signal quality. Fabricated using conductive PLA filament,
the design allows for low-cost, customizable production. A compact, portable EEG device
with Bluetooth connectivity and a smartphone app was also developed to support real-time
data visualization. Initial testing confirmed successful signal acquisition, demonstrating
the system’s potential for wearable neurotechnology applications. Further work is needed
to optimize hydrogel performance and improve long-term reliability.

Contributors: C. Grossmann Aybar, F. Spano
Partners:
Funding: Master’s Thesis
Duration: 2024–2025

Electroencephalography (EEG) is a non-invasive
technique used to record brain activity and plays
a critical role in both clinical diagnostics and neu-
roscience research. Traditional EEG systems rely
on wet electrodes, which require the application of
conductive gels to ensure good electrical contact
with the scalp. Although effective, these systems
are often time-consuming to set up, uncomfortable
for users, and may cause skin irritation.
Dry electrodes offer a more convenient alternative
by eliminating gels, making them easier to apply
and better suited for wearable applications. How-
ever, they typically exhibit higher skin-electrode
impedance and are more prone to motion arti-
facts, which can reduce signal quality. To over-
come these limitations, semi-dry electrodes have
emerged as a promising hybrid solution. These
electrodes incorporate an internal mechanism that
gradually releases a small amount of electrolyte
during use, helping reduce impedance while main-
taining the simplicity and comfort of dry electrodes.
Building on this concept, this project presents an
innovative approach to EEG signal acquisition us-
ing custom-designed, 3D-printed semi-dry elec-
trodes. The design integrates a biodegradable hy-
drogel layer and encapsulated electrolyte droplets
within a soft polymer matrix. When the electrode
comes into contact with skin moisture, the hydro-

gel degrades, triggering a controlled release of the
electrolyte—enhancing electrical connectivity with-
out the need for external gels or complex prepara-
tion.
The electrode body was fabricated using conduc-
tive PLA filament and 3D printing, enabling low-
cost production and precise control over geometry.
Complementing the electrode design, a compact
EEG recording device was developed, featuring a
rechargeable battery, Bluetooth Low Energy (BLE)
connectivity, and a smartphone app for real-time
signal display and data storage. The result is a
portable, user-friendly system that supports flexi-
ble EEG acquisition beyond traditional laboratory
environments.
Initial testing confirmed successful signal acquisi-
tion and integration between the electrodes and
recording device. While further refinement is
needed—particularly in optimizing impedance and
improving hydrogel durability—the system demon-
strates strong potential for future applications in
wearable, accessible neurotechnology for both
clinical and consumer use.

Literature:
[1] G. L. Li et al., J. Neural Engineering, Vol. 17,
2020.
[2] J. Rosell et al., IEEE Transactions on Biomedi-
cal Engineering, Vol. 35, 33–36, 1988.
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4.5 Replicating fingerprints in Artificial Skin Models by 3D Print-
ing

In this work, we are implementing the replication of fingerprints into artificial skin models
generated by 3D DLP printing process. On the basis of the use of specific soft polymeric
resins, we can directly print fingerprints onto a skin model mimicking the real human skin
topography.

Contributors: B. Heer, F. Spano & M. Bonmarin
Partners: Université de Lausanne (UNIL) – Ecole des Sciences Criminelles (ESC)
Funding: Student Project
Duration: 2024–2025

3D printing has revolutionized many fields, from
medicine and aerospace to art and design. One
of the most fascinating and potentially controver-
sial applications of this technology is the repro-
duction of fingerprints. Fingerprints, unique to ev-
eryone, have long been considered an infallible
method of personal identification. However, with
advances in technology, the possibility of duplicat-
ing these fingerprints raises technical and ethical
questions. This work explores the different facets
of fingerprinting using 3D printing. We begin with
an overview of the 3D printing technologies avail-
able and their recent evolution. We look at the spe-
cific techniques used to capture and reproduce fin-
gerprints, as well as the materials used to create
accurate replicas. We also look at the potential ap-
plications of this technology, such as in the field of
forensics, with our partner at the School of Crimi-
nal Justice (University of Lausanne).
In the framework of this collaboration, the project
aims at creating first a series of stamps with var-
ious patterns mimicking the fingerprints. We will

study the deformation capabilities of the selected
materials bearing the pattern (e.g. shearing, em-
bossing) allowing the material to adapt its shape
when applied on a textured surface simulating fin-
gerprints in crime scene. In addition to mechani-
cal properties, we will study the wetting properties
of employed resins with variable degrees of hy-
drophobicity and oleophobicity. First, we will focus
on the development of a relevant protocol for the
realization of the stamp prototypes, especially the
choice of the deformable materials. A preliminary
work could focus on the design of specific patterns
which may be reproduced using rigid stamps as
models for molds (such stamps being provided by
ESC/UNIL). The ability to reproduce unique bio-
metric characteristics poses major challenges in
terms of privacy protection and data security. The
School of Criminal Justice will help us to discrimi-
nate the current regulations and the measures that
could be put in place to govern the use of this tech-
nology.

Fig. 1: Illustrations of various artificial skin models mimicking the fingerprints.
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4.6 Development of a Multimodal Optical Measurement Sys-
tem for Bilirubin Quantification and Differentiation

This work presents an optical approach for distinguishing free, bound, and conjugated
bilirubin, relevant for improved jaundice diagnostics. A custom device was developed to
perform absorbance, fluorescence, anisotropy, and bleaching measurements using a laser
diode and tailored electronics. Measurements on synthetic bilirubin samples revealed dis-
tinct optical signatures for each form, with fluorescence and anisotropy proving particularly
effective in identifying bound bilirubin. The results establish a foundation for accurate,
point-of-care bilirubin analysis.

Contributors: J. Zwicky, D. Fehr, M. Bonmarin
Partners: Institute of Chemistry and Biotechnology (ZHAW)
Funding: Master’s degree programme
Duration: 2024–2025

Bilirubin is a yellow pigment formed during red
blood cell degradation. Due to its low solubility
in blood, it binds to the transport protein albumin
before being conjugated in the liver to increase
its water solubility for excretion. Elevated levels
of free bilirubin can lead to jaundice and, in se-
vere cases, neurological damage, particularly in
neonates. Conventional clinical methods measure
only total and conjugated bilirubin, without differ-
entiating the free and bound forms – limiting diag-
nostic precision.
This work presents a novel optical system de-
signed to quantify and differentiate free, bound,
and conjugated bilirubin. The measurement sys-
tem combines absorbance, fluorescence, fluores-
cence anisotropy, and photobleaching techniques

to characterise the optical properties of different
bilirubin types. A custom-built device integrates a
laser excitation source, optical modules and cen-
tralised control electronics, with data processed
via a Python-based software interface.

Measurements on synthetic bilirubin sam-
ples demonstrated concentration-dependent ab-
sorbance and fluorescence responses, with bound
bilirubin showing a distinct fluorescence signature.
Anisotropy measurements highlighted molecular
binding effects, while photobleaching dynamics
revealed differences in stability among bilirubin
forms. The results validate the feasibility of a mul-
timodal approach for bilirubin analysis and estab-
lish a foundation for future point-of-care diagnostic
systems.
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Fig. 1: Left: Functional diagram of the optical setup with L-shaped geometry. A laser excites the sample, while another
laser compensates for matrix absorbance. Reference and transmission sensors enable ratiometric absorbance measure-
ments. Fluorescence is filtered, polarised, and detected by a sensitive sensor. Right: Isometric view of the assembled
measurement device showing key optical and electronic components.
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5 Building Simulation

Buildings affect our well-being, productivity, and various social interactions. Much of our energy is
used in buildings, and through utilization of solar energy and environmental heat, modern build-
ings have become energy producers themselves. Large volumes of information, goods and people
move around buildings. Data is continuously collected using sensors and measurement technol-
ogy; simulations and control technology are used to ensure that all these processes can be opti-
mally supported and controlled in an increasingly digital world.

At ICP, we support the digitalization in the building sector with computer simulations for physical-
technical processes. Our contributions extend from the early through to the detailed planning
phase all the way to the operation of the buildings. We have access to a large number of simu-
lation tools and design our own algorithms where necessary. We use measurement technology
to validate the simulations, determine material parameters and generate output data for predictive
simulations.

In 2022, the Swiss Building Simulation Association was established, which has transferred its
management to the ICP (www.gebaeudesimulation.ch). The association brings together leading
planning offices from the fields of construction and energy planning to jointly promote physical
simulations in the construction industry. It currently has more than 50 members.

A. Drigatti C. Fachin D. Bernhardsgrütter F. Schranz M. Schmid

E. Linder A. Witzig M. Roos Z. Bratsos
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5.1 ThermoPlaner3D - Building energy evaluation from large-
area 3D thermography

ThermoPlaner3D develops large-scale, detailed 3D building energy assessments from mul-
tiperspective thermographic images, creating a new quantitative planning basis as well as
a marketing tool for energy suppliers.

Contributors: M. Battaglia, E. Comi, D. Meier, F. Schranz
Partners: FHNW, Considerate AG, BSF Swissphoto
Funding: Innosuisse
Duration: 2021–2024

The increase of the renovation rate in the building
sector is a central component in the reduction of
the energy demand of Switzerland. The Thermo-
Planer3D project is developing an innovative prod-
uct that enables energy supply companies (EVUs)
to support the energy transition and profit from it at
the same time.
While today energetic assessments of buildings
are mainly done for single objects, there is a lack
of tools to offer owners a low-threshold initial as-
sessment of their building and to show them the
potential of a refurbishment. The ThermoPlaner3D
project aims to provide the necessary quantitative
basis for an entire urban area with a single mea-
surement flight using multiperspective thermal im-
ages from a remote sensing aircraft.
A first test flight was carried out in Grenchen be-
fore the start of the project in late winter 2021. With
SWG, the utility company of Grenchen, a pilot cus-
tomer for feedback is involved. Valuable insights
were gained from the first test flight, which could
be further refined in a second test flight in the win-
ter of 2023 in Aalen in Baden-Württemberg.

Fig. 1: Roof temperatures and microclimate of a district.

The ICP is responsible for the scientific monitor-
ing of data acquisition using infrared measurement
technology and attempts to improve the evaluation
and correction of the data using known and new
approaches. We are also contributing our exper-
tise in building simulation in order to be able to
make statements about the annual consumption of
the respective buildings from point measurements
of the external temperatures of the building enve-
lope.
Figure 1 shows the roof temperatures of buildings
including the microclimate temperature ranges. A
heat transmission value (U-value) is then esti-
mated from the averaged roof temperature using
a simple thermal model of the roof. The microcli-
mate can be calculated as a by-product of a ther-
mography flight using the TURN algorithm (Ther-
mal Urban Road Normalization).
When analysing the flight data, it was found that
the calculated U-values deviated significantly from
the actual values in some cases. Consequently,
a comprehensive sensitivity analysis was carried
out. The results in Figure 2 show that the mea-
sured temperatures must be very accurate for a
good U-value estimate and that the weather con-
ditions during the flight are extremely important.

Fig. 2: The sensitivity analysis shows the expected deviation
in the U-values under ideal conditions.
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5.2 Crowd management for major events through faster-than-
real-time simulation of pedestrian flow

Simulations of pedestrian flow are widely used to design guidelines during the planning
of large events. We examine how faster-than-real-time (FTRT) simulations of pedestrian
flow can contribute to dynamic control strategies of the crowd in order to ensure safety
during the event. For this purpose we use a continuous model for pedestrian flow, which
is solved by the finite element method. This approach enables efficient simulations at low
computation time, making it ideal for real-time crowd management at large events.

Contributors: D. Bernhardsgrütter, M. Schmid
Partners:
Funding: Digital Futures Fund (ZHAW digital)
Duration: 2024

Crowd management is crucial for large events
such as concerts, festivals or public demonstra-
tions. The safety and efficiency of pedestrian flow
during these events are paramount, as even minor
disruptions can lead to significant risks including
crowd crushes. Consequently, the ability to predict
and manage pedestrian crowds in real-time has
become increasingly important for event organiz-
ers and emergency services.
To effectively manage crowds, simulations that op-
erate faster than real-time are necessary. Such
simulations allow planners to anticipate potential
issues and adjust strategies before problems arise.
For instance, during an evacuation, being able to
predict the flow of people towards different exits
can inform decisions about opening or closing cer-
tain pathways, deploying additional staff, or broad-
casting specific instructions. The capability to sim-
ulate these scenarios quickly and accurately can
make the difference between a controlled evacua-
tion and a chaotic situation.
In this context, we use a continuous model [1, 2]
to simulate the pedestrian dynamics. The model is
derived by regularizing Hughes’ model of pedes-
trian flow [3] allowing the solution by the finite ele-
ment method. Unlike agent-based models, which
track individual persons within the crowd, continu-
ous models treat the pedestrian density % as a con-
tinuous field. This approach is more scalable and
efficient for representing large numbers of people,
making it ideal for large events. In Fig. 1 the den-
sity % is shown for a simulation of the “Winterthurer
Musikfestwochen”, which is a festival event taking
place yearly in the old town of Winterthur with sev-
eral thousands of attendees.
We demonstrate the capability to simulate pedes-
trian flow faster than in real-time for the Win-

terthurer Musikfestwochen. We define the FTRT
ratio as the quotient of the simulated evacuation
time teva = 757 s and the physical computation
time tsim = 18 s. Thus even for large events with
tens of thousands of attendees, FTRT ratios as
high as teva/tsim = 42 are feasible. The simula-
tions were performed on a laptop with a single Intel
i7 CPU at 1.8 GHz.

Fig. 1: Simulation results for the evacuation of the “Win-
terthurer Musikfestwochen”. The pedestrian density % (in
pedestrians/m2) at t = 240 s is shown.

As a next step, the objective is to validate the
model with greater precision by comparing the
simulations with empirical data obtained from
events and with simulations from agent-based
models.

Literature:
[1] M. Schmid et al., Faster-than-real-time Simula-
tion of Multi-group Pedestrian Flow, in Traffic and
Granular Flow ’24, Springer International Publish-
ing (accepted for publication)
[2] R. Axthelm, in Traffic and Granular Flow ’15,
edited by V.L. Knoop, W. Daamen (Springer Inter-
national Publishing, 2016), pp. 233–240
[3] R.L. Hughes, Transportation Research Part B:
Methodological 36, 507 (2002)
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5.3 EFFIWAG: Efficiency potential of replacing the heat distri-
bution system

The market share of heat pumps is steadily increasing, leading to higher electricity demand,
especially during the winter months. In the EFFIWAG project, we analyse various measures
to reduce the electricity consumption of heat pumps in existing buildings. Heat pumps
operate most efficiently at low supply temperatures, which is why we are investigating the
potential of low-temperature radiators. Simulations of five buildings in Zurich show that
replacing radiators with low-temperature radiators reduces energy consumption and CO2
emissions in the unrenovated state by 30%.

Contributors: F. Schranz, J. Bruderer, L. Meier, A. Witzig
Partners: Lemonconsult AG
Funding: BFE, AWEL, Dr.-Stephan-à-Porta-Stiftung
Duration: 2023–2025

A heat pump operates most efficiently when only
a small temperature lift is required. For build-
ings with heat pump heating systems, this means
efficiency increases as the flow temperature of
the heat distribution system decreases. However,
existing buildings typically use radiators requiring
flow temperatures of 60° C or higher. This results
in a low COP (Coefficient of Performance) of just
1.6 to 1.8 for air-to-water heat pumps during win-
ter months. In this project, we investigate how re-
placing the heat distribution system combined with
various retrofit measures affects the energy con-
sumption and CO2 emission of existing buildings.
Our focus lies on the potential of low-temperature
radiators, as installing underfloor heating in occu-
pied buildings is often impractical.
To this end, we modelled five buildings in the
Zurich area using IDA-ICE software (see Fig. 1).
For each building, three retrofit states were anal-
ysed: a reconstructed original state, a partial

retrofit with new windows and insulation of the cel-
lar ceiling and attic, and a full retrofit including
facade insulation. These states were combined
with three heat distribution systems (radiators at
60° C flow temperature, low-temperature radia-
tors at 40° C, and underfloor heating at 35° C),
and heating energy consumption was calculated.
Lemon Consult determined the specific COPs of
the heat pumps and computed the grey energy
generated during retrofitting.
The results demonstrate that replacing radia-
tors with low-temperature radiators in unretrofitted
buildings reduces energy consumption and CO2
emissions (from production and operation) by
30%. Further significant reductions in energy use
and CO2 emissions are achievable only through
comprehensive full retrofits. A detailed article
about this project was published in the technical
journal HK-Gebäudetechnik [1].

Fig. 1: Two of the five buildings modelled with IDA-ICE are shown. To save computation time, the third floor of the building
complex on the right is omitted, and instead, the second floor is duplicated.

References:
[1] B. Vogel, Runter mit der Vorlauftemperatur, HK-Gebäudetechnik 3, 2025.
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5.4 Energy saving with intelligent shading systems

This study investigates the ecologically optimized operation of shading systems. Using 
ray-tracing simulations, the amount of solar energy entering a room is calculated. The 
subsequent analysis reveals the savings potential: solar blinds contribute to overheating 
protection in summer by providing shade. During the colder months, sunlight is allowed to 
enter through the windows whenever possible, so that passive solar gains support heating.

Contributors: A. Ehrler, A. Witzig
Partners: Bühler und Scherler AG, Schenker Storen AG
Funding: Bachelorarbeit
Duration: 2025

Currently, buildings account for around 40 percent
of Switzerland’s final energy consumption. An im-
portant and well-controllable heat source is solar
radiation through windows. Short-wave sunlight
passes through the windows and generates heat,
while long-wave thermal radiation from inside is re-
flected back by the windows and remains in the
building (greenhouse effect). Therefore, a smart
shading system can lead to significant energy sav-
ings.
The system works differently depending on the
season: in summer, optimal shading helps pre-
vent overheating. Unnecessary heating of the in-
terior by direct sunlight is avoided, thus reduc-
ing the need for resource-intensive active cooling.
In winter, on the other hand, passive solar gains
are maximized, reducing the building’s heating de-
mand.
The simulations are primarily conducted in 2D us-
ing the ray tracing method [1]. They take into ac-
count the position of the sun as well as the type
and position of the shading devices. In addition,
the irradiated power is calculated based on the
orientation of the window and the sun’s azimuth
angle. Various shading systems and control algo-
rithms are compared.
This bachelor’s thesis is oriented toward an indus-
trial application that supports many types of shad-
ing systems and has the potential to lead to sub-
stantial energy savings across Europe.

References:
[1] Comsol Ray Optics Module, Application Exam-
ple https://www.comsol.de/model/vdara-caustic-
surface-18531

Fig. 1: Top: Exemplary representation of a retractable
awning (image generated using AI). Bottom: 2D ray trac-
ing in a cross-section of the shading system and the interior
space behind it. The solar rays are scattered by the fabric
(green contour). The simulation calculates how much of the
scattered sunlight enters the room. Dark red lines: incoming
solar rays; blue lines: scattered light. The image illustrates
the simulation principle using a reduced number of rays. A
convergence analysis has shown that a higher ray density is
required for accurate simulations.
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5.5 Simulation of Efficient Heating Systems in Churches

Heating a church efficiently is a challenging task. However, a concept that has won multiple 
awards promises a cost-effective solution that meets the specific r equirements a nd con-
sumes only a fraction of the energy during operation. The simulations in this project can be 
used to visualize how the system works and help convince sceptics. The air-based heating 
system holds great potential for future renovations.

Contributors: C. Tello, A. Witzig
Partners: Kegel Energy Systems
Funding: ICP
Duration: 2023–2025

Unlike residential or office buildings, churches are
not always kept at a constant set temperature. The
heating is only turned on when needed. This is
also true for traditional heating systems, which re-
quire radiators to operate at very high tempera-
tures (typically: 60° C) to release enough energy
into the space.
The innovative concept studied here is based on
generating an airflow via a heat exchanger with
fans, which brings the warm air into the room. The
required supply temperatures for the heating water
are much lower (typically: 27° C). This is a major
advantage when using heat pumps, as the smaller
temperature differences make the heating devices
operate much more efficiently. Additionally, the
heat is distributed better in the interior, avoiding
hot air columns rising all the way to the ceiling. In-
stead, the interior warms up more evenly. In par-
ticular, the heating system demonstrates advanta-
geous dynamics, as primarily the air is heated, and
not the massive stone floor or walls. Besides better
efficiency, retrofitting the heating system can also
be more cost-effective and quicker to implement.
This work simulates a comparison between a tra-
ditional heating system and the novel air-based
heating system. The results aim to convince scep-
tics. For the broader adoption of this energetically
superior and innovative system, it is important not
only that the physics of the system is understood,
but also that it can be well communicated through
simulations.

Fig. 1: Comparison between the efficient new air-based
heating system (top) and the traditional heating system,
which has a radiator under each pew (bottom). The simula-
tions, shown in a longitudinal section of the church, calculate
airflow as well as the temperature distribution in the interior
and the walls.

References:
[1] B. Kegel, Energieschleuder Kirche: Zürcher
Kirche zeigt, wie es besser geht, https://
energeiaplus.com/2024/11/26/energieschleuder-
kirche-zuercher-kirche-zeigt-wies-anders-geht/
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5.6 Massive parallelization for the simulation of decentralized
energy systems

In a research project together with the provider of the simulation software Polysun, a frame-
work was implemented that offers massive parallelization of building technology simula-
tions. By integrating a multi-objective optimization algorithm we are able to automatically
determine an optimal dimensioning of the system’s components.

Contributors: M. Battaglia, A. Drigatti, E. Linder, F. Schranz, A. Witzig
Partners: Vela Solaris AG
Funding: Innosuisse
Duration: 2023–2025

The Polysun software enables the simulation of de-
centralized energy systems. In practice, users typ-
ically define an energy system and settle for the
first plausibly functioning configuration, as further
optimization must be performed manually.
To address this problem, our first-generation proto-
type introduced a frontend that allows users to indi-
vidually configure parameters for multi-simulations
across a number of given system choices, leverag-
ing massive parallelization to accelerate the pro-
cess. This frontend also provides tools to anal-
yse results, focusing on key parameters such as
CO2 emissions, costs, and self-consumption frac-
tion, thereby assisting users in selecting the opti-
mal system.
Building on this foundation, the second generation
of our prototype automates the search for the op-
timal system, eliminating the need for user input.
The framework now supports the entire workflow:

it transfers specific settings from the Polysun desk-
top application to a web-based multi-simulation en-
gine, where the optimization is performed auto-
matically. The components which are optimised
are chosen automatically, and we developed algo-
rithms that determine appropriate boundary condi-
tions and optimal step sizes for these components.
To efficiently identify optimal solutions, we imple-
mented a genetic algorithm for multi-objective op-
timization. This algorithm intelligently explores the
solution space and approaches the Pareto front
which is the limit of the physically possible solu-
tions. It calculates five generations of twenty points
each. With every new offspring the likelihood of the
points being closer to the Pareto front increases as
shown in Fig. 1.
As the optimal system we identify a system which
lies on the Pareto front and has both lower CO2

emissions and lower costs than the default system.

Fig. 1: A system with a ground source heat pump and PV is optimized for CO2-emissions and investment cost. The figure
shows how the multi-opjective-optimization algorithm approaches the Pareto front. With every offspring the points move
closer to the Pareto front.
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5.7 Thermo chemical networks (TCN) for residential heat de-
mand coverage

In this topic, we address the coverage of residential heat demand using thermochemical
networks (TCN). The ICP contribution focuses on modeling the thermal aspects of such net-
works, for example by using a heat pump to regenerate salt solutions during the summer.
ICP collaborates closely with IEFE, which possesses extensive expertise in salt solutions
and related chemical properties, such as specific heat capacity, solubility, and boiling tem-
peratures. TCNs can serve as seasonal thermal energy storage systems and may help to
bridge the winter electricity gap. This research is conducted within the framework of the
PEDvolution and UPchange projects.

Contributors: E. Linder, F. Schranz, A. Witzig
Partners: S. Danesi, T. Bergmann (IEFE)
Funding: SNF
Duration: 2025–2027

The energy demand for residential heating, hot
water, and air conditioning in Switzerland accounts
for almost 40 % of the country’s total energy con-
sumption. A major challenge is how to meet
this demand during winter, when the availability
of electric energy is limited in Switzerland and
neighboring countries. Thermochemical networks
(TCNs) offer the opportunity for long-term energy
storage with a higher storage density compared
to conventional thermal storage systems based on
water. This technology could help close the winter
electricity gap and decarbonize residential heating
by transferring excess energy from summer to win-
ter.
A thermochemical network operates on the
principles of an absorption heat pump. In
such a system, a salt solution acts as the
absorbent and is circulated from the con-
sumer side (evaporator-absorber) to the regener-
ator (desorber-condenser). On the evaporator-
absorber side, water vapor is added as a refrig-
erant and absorbed by the concentrated salt so-
lution, releasing the chemical potential (stored ex-

ergy) as useful heat. In the desorber-condenser,
the salt solution is heated, causing water to evap-
orate and increasing the concentration of the
salt solution. The concentrated solution is then
pumped back to the evaporator-absorber, complet-
ing the cycle. A schematic overview is provided in
Fig. 1. The potential of this technology has already
been explored in practice by installing a demon-
strator in a greenhouse [1].
This work aims to realize a TCN simulation and
conduct a case study for the Hard community in
Winterthur. The community has installed photo-
voltaic (PV) panels, and the electricity generated
can be used to operate a heat pump for the des-
orption of the salt solution during summer.
The research questions addressed in this work in-
clude: How much salt solution is required to cover
the heating demand of the Hard community? What
type of heat pump and PV area are needed for this
purpose? Does TCN technology provide a viable
solution for meeting the community’s heating de-
mand?

Salt solution that cycles through:
• Desorber-condenser
• Evaporator-absorber 
• Pipes

Advantages:
• No heat loss in the pipes 
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Fig. 1: Schematic overview for a TCN.
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Schärer, Roman Pascal and Jürgen Schumacher: “An open-source model for high-throughput flow
battery cell performance predictions”. In: 20th Symposium on Modeling and Experimental Valida-
tion of Electrochemical Energy Technologies (ModVal), Baden, Switzerland, 13-14 March 2024.
https://digitalcollection.zhaw.ch/handle/11475/31735.

Schärer, Roman Pascal and Jürgen Schumacher: “Electrochemical interface model coupling oxy-
gen reduction and degradation reactions in the cathode catalyst layer of a PEMFC”. In: 21st Sym-
posium on Modeling and Experimental Validation of Electrochemical Energy Technologies (Mod-
Val), Karlsruhe, Germany, 11-12 March 2025. https://digitalcollection.zhaw.ch/handle/
11475/32913.

Schranz, Franziska, Vixay Phimmasane, Andreas Witzig, Andreas Rüst, and Daniel Schmid: “User
Assistance System for Smart Commercial Buildings - Use Cases and Proof of Concept”. In: 2024
European Conference on Computing in Construction. 2024. DOI: 10.35490/EC3.2024.190. https:
//ec-3.org/publications/conference/paper/?id=EC32024_190.

Schumacher, Jürgen and Roman Pascal Schärer: “Insights in MEA operation behavior from a
modeling perspective I : performance and degradation modelling of MEAs”. In: International Hybrid
Workshop "Fuel Cell MEA Design", Freiburg, Germany, 10-11. October 2024. https://digitalc
ollection.zhaw.ch/handle/11475/31724.

Scoletta, Edoardo and Jürgen Schumacher: “A modelling framework for the simulation of coupled
performance-degradation phenomena in proton exchange membrane fuel cells”. In: 21st Sympo-
sium on Modeling and Experimental Validation of Electrochemical Energy Technologies (ModVal),
Karlsruhe, Germany, 11-12 March 2025. https://digitalcollection.zhaw.ch/handle/11475/
32802.

Stanger, Katrin, Dardan Bajrami, Peter Wahl, Fintan Moriarty, Emanuel Gautier, Alex Dommann,
and Kongchang Wei: “Enabling hydrogel coating on silicone breast implants with poly(vinyl ac-
etate) primer layer”. In: SSB+RM2024 28th Annual Meeting “Complex materials and in vitro tis-
sue models”, St. Gallen, Switzerland, 4-5 September 2024. DOI: 10.21256/zhaw-31495. https:
//digitalcollection.zhaw.ch/handle/11475/31495.

Striewski, Friedrich, Ennio Luigi Comi, Fiona Tiefenbacher, Natalie Lack, Mattia Battaglia, and
Susanne Bleisch: “Application, Adaption and Validation of the Thermal Urban Road Normaliza-
tion Algorithm in a European City”. In: Workshop on Visualisation in Environmental Sciences
(EnvirVis). Ed. by Soumya Dutta, Kathrin Feige, Karsten Rink, and Baldwin Nsonga. The Euro-
graphics Association, 2024. ISBN: 978-3-03868-260-8. DOI: 10.2312/envirvis.20241135. https:
//diglib.eg.org/handle/10.2312/envirvis20241135.

Torre Cachafeiro, Miguel Angel, Ennio Comi, Sharun Parayil Shaji, Stéphanie Narbey, Sandra Je-
natsch, and Wolfgang Tress: “Visualizing ionic field screening in perovskite solar cells via photo-
voltaic quantum efficiency”. In: International Conference on Simulation of Organic Electronics and
Photovoltaics (SimOEP), Winterthur, Switzerland, 2-4 September 2024. https://digitalcollec
tion.zhaw.ch/handle/11475/33260.

Vucko, Flavien, Geoffrey Ringot, Philip Marmet, Yasser Safa, Lorenz Holzer, Shruti Banait, Laura
Perrin, Roland Logé, and Michel Prestat: “Fatigue-corrosion behaviour of Ti6Al4V alloys in H2O2-
containing physiological solution”. In: European Corrosion Congress (EUROCORR), Paris, France,
1-5 September 2024. https://digitalcollection.zhaw.ch/handle/11475/31523.

Zbinden, Oliver, Evelyne Knapp, and Wolfgang Tress: “Machine learning for surpassing limits in
perovskite solar cells”. In: International Conference on Simulation of Organic Electronics and Pho-
tovoltaics (SimOEP), Winterthur, Switzerland, 2-4 September 2024. https://digitalcollection
.zhaw.ch/handle/11475/33259.
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A.4 Patents

Bonmarin, Mathias, Gunter Festel, Christoph Geers, Marco Lattuada, and Giulia Mirabello: “Deter-
mination of an unknown volume or weight of a sample by dynamic thermal imaging”. Nov. 2024.
https://worldwide.espacenet.com/patent/search?q=pn%3DEP4459265A1.

Häusler, Ian, Davide Paparo, Daniel Fehr, Andreas Bachmann, Raphael Hagen, Mathias Bon-
marin, and Fabrizio Spano: “Device for skin or tissue treatment”. Dec. 2024. https://worldwide.
espacenet.com/patent/search?q=pn%3DWO2024245572A1.

Woodland, Kathryn, Madison Gass, Isabel Nearing, Grace Jolin, Ziya Isiksacan, Mathias Bon-
marin, Sakthikumar Ambady, and Ahmet Sabuncu: “Opacity testing through measured illuminance”.
Oct. 2024. https://worldwide.espacenet.com/patent/search?q=pn%3DWO2024220801A1.

A.5 Student Projects

S. AKUBUEZE, Praxissemester BSc Medizininformatik, Betreuer: D. Fehr.

M. ANDRES, J. HINNEN, Entwicklung eines LED-basierten Sonnensimulators für die Solarzellen-
forschung, Betreuer: K. Pernstich, Bachelorarbeit im Studiengang Systemtechnik.

J. AUS DER AU, R. MÜLLER, Measuring the Skin Thermal Diffusivity In-vivo, Betreuer: D. Fehr,
Projektarbeit im Studiengang Systemtechnik.

S. BOLLETER, R. GEHRING, S. EMALE, Microwave Hyperthermia for Cancer Treatment, Betreuer:
M. Bonmarin, Bachelorarbeit im Studiengang Systemtechnik.

Y. CORNAZ, Erdreichanbindung für Heiz- und Kühlsysteme ST, Betreuer: A. Witzig, Bachelorarbeit
im Studiengang Elektrotechnik.

A. DRIGATTI, L. KELLER, Data Analysis for Blood Flow Sensor, Betreuerin: E. Knapp, Bachelorar-
beit im Studien-gang Data Science.

A. EHRLER, Intelligente Beschattungssysteme ET, Betreuer: A. Witzig, Bachelorarbeit im Studien-
gang Elektrotechnik.

M. EUGSTER, Praxissemester BSc Medizininformatik, Betreuer: M. Bonmarin.

Q. FITZI, M. LUPO, Entwicklung eines integrierten Blutvolumensensors für ein PoC-Messgerät,
Betreuer: D. Fehr, Bachelorarbeit im Studiengang Systemtechnik.

A. GARCIA BUSTOS, Simulation of light-induced acoustic interactions with inner ear structures via
plasmonic nanoparticle stimulation using Finite Element Methods (FEM), Betreuer: M. Jazbinsek,
M. Bonmarin, Vertiefungsarbeit Masterstudiengang.

M. GNOS, M. WICKIHALDER, Effiziente Heizungsanlage in einer Kirche, Betreuer: A. Witzig, Bach-
elorarbeit im Studiengang Systemtechnik.

R. HAUS, Upscaling of perovskite solar cells: from cell to module, Betreuer: E. Knapp, E. Comi,
Projektarbeit im Studiengang Systemtechnik.

R. HAUS, Simulation and Optimization of Perovskite Solar Modules: A Software-Driven Approach,
Betreuer: E. Knapp, E. Comi, Bachelorarbeit im Studiengang Systemtechnik.

I. HÄUSLER, Thermal Imaging Monitoring of Sweat Glands, Betreuer: M. Bonmarin, Masterarbeit
MSE Medical Engineering.

www.zhaw.ch 50 Zürcher Fachhochschule

https://worldwide.espacenet.com/patent/search?q=pn%3DEP4459265A1
https://worldwide.espacenet.com/patent/search?q=pn%3DWO2024245572A1
https://worldwide.espacenet.com/patent/search?q=pn%3DWO2024245572A1
https://worldwide.espacenet.com/patent/search?q=pn%3DWO2024220801A1
www.zhaw.ch


Research Report 2025 Institute of Computational Physics

B. HEER, Flexible multidirectional capacitive angle sensors for spine monitoring, Betreuer: F.
Spano, Vertiefungsarbeit Masterstudingang.

B. HEER, DermatoTherma: Development of an artificial skin model for the characterization of
radio-frequency heating, Betreuer: F. Spano, Bachelorarbeit im Studien-gang Systemtechnik.

N. KABIR, Substrates for broadband terahertz time-domain spectroscopy of thin films, Betreuerin:
M. Jazbinsek, Vertiefungsarbeit Masterstudiengang.

N. KABIR, Characterizing the spatial profile of deep UV light source, Betreuer: M. Bonmarin, Ver-
tiefungsarbeit Masterstudiengang.

T. KALONGI, Flame-based synthesis for wound dressing applications, Betreuer: F. Spano, Master-
arbeit MSE Medical Engineering.

G.-L.-LIBERATO,S.-SUVAJAC, Development and implementation of pressure sensors based on
solid liquid composites, Betreuer: F. Spano, Bachelorarbeit im Studien-gang Systemtechnik.

J.T. LINK, Praxissemester BSc Medizininformatik, Betreuer: F. Spano.

S. MOHAMMAD, V.K. QUACH, Perovskite Solar Cells, Betreuer: W. Tress, Bachelorarbeit im Studien-
gang Informatik.

C. MÜNTENER, G. BURGER, Modellierung eines Wohnraums in Matlab/Simscape für die Opti-
mierung von Energiesystemen, Betreuer: A. Witzig, Bachelorarbeit im Studien-gang Systemtech-
nik.

A. OETSEN, Development of an artificial intervertebral disk based on solid liquid composites, Be-
treuer: F. Spano, Bachelorarbeit in Systems Engineering, Northeastern University - USA.

D. SHANMUGATHAS, Praxissemester BSc Medizininformatik, Betreuer: M. Bonmarin.

A. SUTHESAN, Praxissemester BSc Medizininformatik, Betreuer: D. Fehr.

A. SCHAUFELBERGER, Microstructure Reconstruction Algorithms for the Catalyst Layer in Fuel
Cells, Betreuer: R. Schärer, Projektarbeit im Studiengang Informatik.

R. SCHWARZ, Simulation of multi-group pedestrian flow, Betreuer: M. Schmid, Bachelorarbeit im
Studiengang Systemtechnik.

S. STEIGER, A Quantitative Train-of-Four Monitoring Device, Betreuer: M. Bonmarin, Bachelorar-
beit im Studiengang Systemtechnik.

P. TEREFE, T. VOLLENWEIDER, Red Blood Cells Monitoring and Preservation, Betreuer: D. Fehr,
Projektarbeit im Studiengang Systemtechnik.

P. TEREFE, T. VOLLENWEIDER, Optimization and Characterization of an Optical Sensor Concept
to Monitor Supercooled Blood, Betreuer: D. Fehr, Bachelorarbeit im Studiengang Systemtechnik.

N. WARTMANN, Microstructure Reconstruction Algorithms for the Catalyst Layer in Fuel Cells (ST),
Betreuer: R. Schärer, Bachelorarbeit im Studiengang Informatik.

M. WYRSCH, Development of a versatile wet-spinning system for multi-layered polymer fibers, Be-
treuer: F. Spano, Vertiefungsarbeit Masterstudingang.

M. WYRSCH, Fiber-based strain sensors, Betreuer: M. Bonmarin, Bachelorarbeit im Studiengang
Systemtechnik.
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J. ZWICKY, Development of a Multimodal Optical Measurement System for Bilirubin Quantification
and Differentiation, Betreuer: D. Fehr, Masterarbeit MSE Photonics.

A.6 Teaching

M. BATTAGLIA, Physics Engines, FS25, Bachelor of Science.

D. BERNHARDSGRÜTTER, Lineare Algebra 1 für Systemtechnik, HS24, Bachelor of Science.

D. BERNHARDSGRÜTTER, Lineare Algebra 2 für Systemtechnik, FS25, Bachelor of Science.

D. BERNHARDSGRÜTTER, Analysis 1 für Wirtschaftsingenieurwesen, HS24, Bachelor of Science.

D. BERNHARDSGRÜTTER, Analysis 2 für Wirtschaftsingenieurwesen, FS25, Bachelor of Science.

M. BONMARIN, Physik für Systemtechnik 1 – Vorlesung, HS24, Bachelor of Science.

M. BONMARIN, HealthTec Summer School – Inventing next generation medical devices: From
clinic immersion to MVP & business plan, FS24, Master of Science in Engineering.

M. BONMARIN, Medical Market Access, HS24, Master of Science in Engineering.

D. FEHR, Grundlagen der Elektrotechnik und Digitaltechnik für Informatik – Praktikum, HS24,
Bachelor of Science.

D. FEHR, Physikalische Grundlagen der Sensorik – Thema Elektronik, HS24, Bachelor of Science.

D. FEHR, Photonics EVA – Thermography, FS25, Master of Science in Engineering.

D. FEHR, Thermal Devices in Medicine, FS25, Bachelor of Science.

T. HOCKER, Physik 1 für Aviatik und Mobility Science, HS24, Bachelor of Science.

T. HOCKER, Physik 2 für Aviatik und Mobility Science, FS25, Bachelor of Science.

T. HOCKER, Projektmodul 1 für Aviatik, HS24, Bachelor of Science.

T. HOCKER, Projektmodul 2 für Aviatik, FS25, Bachelor of Science.

T. HOCKER, Thermische Energiesysteme, FS25, Bachelor of Science.

M. JAZBINSEK, Physik 1 für Maschinentechnik und Energie- und Umwelttechnik – Vorlesung &
Praktikum HS24, Bachelor of Science.

M. JAZBINSEK, Physik 2 für Maschinentechnik und Energie- und Umwelttechnik – Vorlesung &
Praktikum FS25, Bachelor of Science.

M. JAZBINSEK, Photonics EVA – Terahertz Spectroscopy, FS25, Master of Science in Engineering.

C. KIRSCH, Analysis 1 für Systemtechnik, HS24, Bachelor of Science.

C. KIRSCH, Analysis 2 für Systemtechnik, FS25, Bachelor of Science.
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C. KIRSCH, Analysis 3 für Systemtechnik und Elektrotechnik, HS24, Bachelor of Science.

C. KIRSCH, Numerik für Systemtechnik und Elektrotechnik, FS25, Bachelor of Science.

C. KIRSCH, Intensivkurs in Mathematik, Sommer 24, Studieninteressierte.

E. KNAPP, Modellierung komplexer Systeme MKS, HS24, Bachelor of Science.

E. KNAPP, Numerik, FS25, Bachelor of Science.

E. LINDER, Lineare Algebra 2, FS25, Bachelor of Science.

P. MARMET, Mathematik: Analysis 1 für Aviatik, Vorlesung und Praktikum, HS24, Bachelor of Sci-
ence.

P. MARMET, Mathematik: Analysis 2 für Aviatik, Vorlesung und Praktikum, FS25, Bachelor of Sci-
ence.

K. PERNSTICH, Physik: Grundlagenprojekt 1 für Verkehrssysteme, HS24, Bachelor of Science.

K. PERNSTICH, Physik: Grundlagen der Elektrotechnik und Digitaltechnik, Vorlesung und Prak-
tikum, Studiengang Informatik, HS24, Bachelor of Science.

K. PERNSTICH, Physik: Grundlagenprojekt 2 für Verkehrssysteme, FS25, Bachelor of Science.

K. PERNSTICH, Photonics EVA – Quantum Dot Downconversion, FS25, Master of Science in En-
gineering.

K. PERNSTICH, Data Science: Internet of Things for Data Science, FS25, Bachelor of Science.

K. PERNSTICH, Physik: Physics Engines, Studiengang Informatik, FS25, Bachelor of Science.

B. RUHSTALLER, Applied Photonics - FS25, Master of Science and Engineering.

B. RUHSTALLER, Advanced Thin Films – HS24, Master of Science and Engineering.

F. SCHRANZ, A. WITZIG, Naturwissenschaften für Medizininformatik, FS24, Bachelor of Science.

F. SCHRANZ, Grundlagen der Elektrotechnik und Digitaltechnik für Informatik - Praktikum, HS24,
Bachelor of Science.

F. SCHRANZ, Physics Engines, FS25, Bachelor of Science.

J. O. SCHUMACHER, Lineare Algebra 2, FS25, Bachelor of Science.

J. O. SCHUMACHER, Wind-, Wasserkraft, Sektorkopplung, synthetische Treibstoffe, FS25, Bache-
lor of Science.

J. O. SCHUMACHER, Multiphysics Modelling and Simulation, FS25, Master of Science in Engineer-
ing.

W. TRESS, Physik 1 für Maschinentechnik, HS24, Bachelor of Science.

W. TRESS, Physik 2 für Maschinentechnik, FS25, Bachelor of Science.

W. TRESS, Physics on Micro and Nano Scale, HS24, Master of Science in Engineering.
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A. WITZIG, Physik 3, Studiengang Verkehrssysteme, HS24, Bachelor of Science.

A. WITZIG, Physik 3, Studiengang Systemtechnik, FS25, Bachelor of Science.

A. WITZIG, Wind-, Wasserkraft, Sektorkopplung und synthetische Treibstoffe, Studiengang En-
ergie und Umwelttechnik, FS25, Bachelor of Science.
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A.7 Spin-off Companies

www.fluxim.com

Fluxim is a provider of device simulation software and measurement hardware to the display, light-
ing and photovoltaics community worldwide. Our principal activity is the development and the
marketing of the simulation software SETFOS and LAOSS, as well as the all-in-one characteriza-
tion platform PAIOS. SETFOS was designed to simulate light propagation and charge transport in
large-area opto-electronic devices such as organic light-emitting diodes (OLEDs) and solar cells
while PAIOS measures the dynamic opto-electrical response in time and frequency domain which
supports the determination of material parameters. Our R&D tools are used worldwide in indus-
trial and academic research labs for the development of devices and semiconducting materials
with improved performance as well as the study of device physics.

www.coatmaster.ch

Coatmaster AG (formerly known as Winterthur Instruments) develops measurement systems for
fast non-contact and non-destructive testing of industrial coatings. These measurement systems
can be used to determine coating thicknesses, material parameters, e.g. porosity and contact
quality, to detect delamination, for example. The system is based on optical-thermal measure-
ments and works with all types of coating and substrate materials. Our measurement systems
provide the unique opportunity of non-contact and non-destructive testing of arbitrary coatings on
substrates.

www.nanolockin.com

NanoLockin is developing the new benchmark technology for the detection and analysis of nanopar-
ticles in all kinds of products. The company won the Fribourg Innovation Award in 2018.

A.8 Laboratory Infrastructure

An often-underestimated aspect of the development of physical simulation models is their valida-
tion and the associated improvement cycle. In terms of effort, this is often much more than a few
simple experiments to match the simulation. Instead, this part of the multiphysics development
process is the actual link between theoretical development and operational reality. Validation ef-
forts and the associated necessary model improvement cycle can account for up to 60of the project
scope. Accordingly, it is important to give this area its appropriate strategic importance. Maintain-
ing or expanding the capabilities of a validation laboratory is therefore important.

Process laboratory for organic electronics
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Since 2012, the centerpiece of this laboratory has been a glove box with nitrogen atmosphere
and integrated vacuum chamber for device fabrication by means of thermal evaporation of organic
semiconductors and metals. A second box was installed in 2020. Thin films can also be produced
from solutions using the spin-on process, and chemistry chambers are available for measurement
and sample preparation. The laboratory has measuring methods for determining the optical, elec-
trical and thermal properties of the components.

Electronics laboratory

The electronics lab allows us to efficiently develop, fabricate, and characterize prototypes for R&D
projects with our industrial partners. It allows us to validate our simulation models on real systems
and it enables us to use specialized instrumentation and sensor technology for the experimental
setups in our other laboratories. Finally, students also benefit from the capabilities of our elec-
tronics lab, with a focus on rapid prototyping. Our lab meets these demands with a well-balanced
basic equipment, such as SMD-capable soldering workstations with a basic set of components,
a workstation for simple mechanical tasks, and various lab equipment such as power supplies,
frequency generators, multimeters, oscilloscopes, DAQs, impedance analyzers, and de- bugging
tools for embedded systems.

Laser and THz-Photonics laboratory

In this lab spectroscopy systems for visible (UV/Vis) and invisible (THz) range are available or un-
der further development. Using fs-laser pulses, THz beams are generated via nonlinear effects in
an organic crystal, which are sent through a sample under investigation to determine its properties
non-invasively. Visible spectroscopy on temperature-dependent samples is measured in a vacuum
chamber. A supercontinuum laser system was acquired in 2022 with co-funding from the Swiss
National Science Foundation.

Thin film characterization laboratory

In this laboratory, various instrumentation is available to study thin film samples with angle-depen-
dent ellipsometry, profilometry, 3D optical microscopy, FTIR spectroscopy.

Nano-Imaging laboratory

Current research on perovskite semiconductors requires information on the nanoscale. For this
purpose, an atomic force microscope (AFM) combined with an optical spectrometer was acquired
in 2022. It is a highly technical complex device that allows confocal optical microscopy such as
luminescence and Raman, which can be combined with AFM techniques to allow near-field mea-
surements. The investment was paid by the ERC Grant OptEIon (grant agreement no. 851676).

Electroplating laboratory

The heart of the electroplating laboratory is an experimental copper refining electrolysis cell. In
this electrolysis cell, controlled experiments on flow-coupled ion transport phenomena can be car-
ried out under high current but low voltage. Although originally developed for copper refining, the
system can also be used to simulate alternative ion transfer processes (e.g. for galvanic coating
methods). The system is fully electronically controlled, has a highly developed interface, a self-
cleaning system and corresponding ventilation systems.

Soft Materials Lab

We have a fully equipped laboratory in which we can work with various soft materials (such as
polymers, hydrogels, etc.) under safe conditions. Examples of available devices: 3D bioprinter
(liquid printing), rod coater, ultrasonic cleaner, centrifuge, magnetic stirrer, hot plates, pH meter,
etc. With these devices we can develop sophisticated prototypes for biomedical applications.
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Thermal Design Lab

Physicochemical computer models are valuable tools for developing new functional materials and
industrial processes. However, their reliability and practical use depend heavily on the material
data used. In addition, extensive calibrations and validations are usually necessary before use.
With the Thermal Design Lab, we pursue the goal of generating as precise inputs as possible for
our computer models using temperature and heat flow measurement technology in combination
with thermal material data determination. The Thermal Design Lab currently includes a wide range
of contact temperature sensors and thermal imaging cameras with different spectral ranges. We
also use various methods to determine the thermal conductivities of liquids and solids.

Medizininformatiklabor

While the new medical informatics course is being set up, the laboratory will initially be used pri-
marily for regular internships. Later, more and more experiments from project and bachelor theses
will be carried out. As in the other thematic focuses, students in medical informatics and medical
technology are also welcome to serve as assistants during the semester break in valuable support
of the ICP research projects.

Zürcher Fachhochschule 57 www.zhaw.ch

www.zhaw.ch


Institute of Computational Physics Research Report 2025

A.9 ICP-Team

Name Function e-Mail

Michael Auer Research Assistant auei@zhaw.ch
Dardan Bajrami Doctoral Candidate bajr@zhaw.ch
Mattia Battaglia Research Associate batg@zhaw.ch
David Bernhardsgrütter Research Associate bens@zhaw.ch
Prof. Dr. Gernot Boiger Lecturer, Team Leader boig@zhaw.ch
Marlon Boldrini Research Associate bolm@zhaw.ch
Prof. Dr. Mathias Bonmarin Lecturer, Head of Research Area bmat@zhaw.ch
Zoi Bratsos Administration ICP brtt@zhaw.ch
Vincent Buff Research Associate buff@zhaw.ch
Ennio Comi Research Associate comi@zhaw.ch
Lourenço Corte Vieira Research Assistant corv@zhaw.ch
Martino Diana Research Associate diaa@zhaw.ch
Alessio Drigatti Research Assistant drig@zhaw.ch
Axel Dullak Research Assistant dull@zhaw.ch
Dr. Firouzeh Ebadi Garjan Research Associate ebad@zhaw.ch
Sandro Ehrat Research Associate ehrd@zhaw.ch
Daniel Fehr Research Associate fehd@zhaw.ch
Cristian Fiant Research Assistant fian@zhaw.ch
Christian Grossmann Aybar Research Assistant grsm@zhaw.ch
Raphael Hagen Research Assistant hagp@zhaw.ch
Basil Heer Research Assistant hees@zhaw.ch
Prof. Dr. Thomas Hocker Lecturer, Head of Research Area hoto@zhaw.ch
Dr. Lorenz Holzer Research Associate holz@zhaw.ch
Marco Hostettler Research Associate hose@zhaw.ch
Dimitre Iankov Research Associate iank@zhaw.ch
Dr. Mojca Jazbinsek Lecturer, Team Leader jazb@zhaw.ch
Dr. Fuxiang Ji Postdoktorand fuxi@zhaw.ch
Dr. Lukas Keller Research Associate kelu@zhaw.ch
Dr. Christoph Kirsch Lecturer kirs@zhaw.ch
Dr. Evelyne Knapp Lecturer, Team Leader hube@zhaw.ch
Tabea Krucker Doctoral Candidate kruk@zhaw.ch
Esther Linder Research Associate lidd@zhaw.ch
Gabriel Martins Marcello Trainee macg@zhaw.ch
Dr. Philip Marmet Research Associate mame@zhaw.ch
Daniel Meier Research Associate meda@zhaw.ch
Kazem Meraji Doctoral Candidate meaj@zhaw.ch
Mahdi Mohammadi Research Assistant mohd@zhaw.ch
Sharun Parayil Shaji Research Assistant shaj@zhaw.ch
Dr. Kurt Pernstich Lecturer, Team Leader pern@zhaw.ch
Dr. Uros Puc Research Associate pucu@zhaw.ch
Prof. Dr. Markus Roos Lecturer roor@zhaw.ch
Prof. Dr. Beat Ruhstaller Lecturer, Head of Research Area ruhb@zhaw.ch
Dr. Amit Sachan Research Associate sach@zhaw.ch
Tristan B. Sachsenweger Doctoral Candidate sacs@zhaw.ch
Dr. Yasser Safa Research Associate safa@zhaw.ch
Jim Doga Salma Research Assistant salj@zhaw.ch
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