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The right half of the picture shows the 900 cubic 
meter hot air balloon HB-QZT Homebuilt, which 
was built by the internationally known Swiss hot 
air balloonist Stefan Zeberli in 2020. The left side 
of the picture shows the air flow in the balloon 30 
seconds after burner start simulated by Jessica 
Stoll as part of her master’s thesis. 
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Introduction 
I am using this introduction to give you an update on my own behalf: Finally, my R&D projects are 
extensive enough to be presented as an independent thematic focus area. First results are shown in 
this research report and on the ICP website. In addition, chapter 6 describes my vision of how we at ICP 
want to further develop computer simulations for the building sector over the next few years. I am con-
vinced that we will create added value and that computer simulations for building design and operation 
are also beneficial from an ecological point of view 

Visibility is important for further project acquisition and has a positive impact on teaching as well. High-
lighting common features of various activities and embedding research topics in the institutional profile 
gives our projects additional momentum. In this context, I am very pleased that some research activities, 
which started before my time at ICP and have been further deepened in recent years, now fit very well 
into the new field of research: For example, the simulation of pedestrian flows has now been extended 
to indoor spaces (read article 5.1). Furthermore, the Thermal Laboratory supports building simulations 
with important experimental contributions in the context of the digital twin and modelling validation.  

I started at ZHAW in October 2015 and it has taken me a few years to establish my own thematic focus 
area. On the one hand, it was my intention to grow the research area until the critical mass was reached. 
On the other hand, in a multiple performance assignment, priorities are often outside our control. It is 
difficult to maintain the focus required when writing proposals and to drive ongoing research projects in 
addition to the usual day-to-day business and teaching. However, it is typical of ICP that R&D plays a 
very important role along with teaching, and I am proud that this is now reflected in my own work. I would 
like to take this opportunity to thank my colleagues at ICP, who have always supported me enormously 
and have encouraged me to pursue this path. I am looking forward to being active in multiphysics sim-
ulations research in the building sector.  

 

Andreas Witzig, 
Head of Institute ICP 

 

Link: 

https://www.zhaw.ch/en/engineering/institutes‐centres/icp‐institute‐of‐computational‐phys‐

ics/building‐simulation 
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1 Multiphysics Modeling 
Multiphysics modeling is a powerful tool for exploring a wide range of phenomena, coupling flow, struc-
ture, 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 ex-
panded and numerical methods have become increasingly sophisticated and adapted to exploit availa-
ble computational resources. Today, detailed physical-chemical models combined with robust numerical 
solution methods are almost a necessity for the design and optimization of multifunctional technical 
devices and processes. 

At the ICP, we perform applied research in the field of multiphysics modeling and develop finite element 
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 solutions 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. 

 
 
 
 
 
 
 
 
 
 G. Boiger M. Boldrini V. Buff S. Ehrat  
 
 
 
 
 
 
 
 
 T. Hocker L. Holzer M. Hostettler L. Keller 
 
 
 
 
 
 
 
 
 V. Lienhard P. Marmet J. Michel Rivero Y. Safa 
 
 
 
 
 
 
 
 
 A. Schubiger D. Sharman B. Siyahhan J. Stoll 
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 Evaluation of Cloud Computing Providers in Terms of Massive Sim-
ultaneous Cloud Computing (MSCC), Efficiency and Usability from 
an Engineer's Perspective. 

In the context of this internally funded project, an evaluation of different HPC cloud computing 
providers in terms of efficiency and user friendliness/user experience is carried out. The main 
application is COMSOL Multiphysics and the possibilities that the cloud offers for large simula-
tions and parameter studies in terms of scalability and flexibility. Special attention will be given 
to Massive Simultaneous Cloud Computing (MSCC). 

Contributors: A. Schubiger, G. Boiger 
Partner(s): Internal 
Funding: Internal 
Duration: 2022

Today, the field of numerical simulation is confronted 
with increasing demands for data-intensive investiga-
tions. On the one hand, engineering tasks require pa-
rameter studies, sensitivity analysis and optimization 
runs on an ever-increasing scale. On the other hand, 
the field of Artificial Intelligence (AI) with its notorious 
hunger for data pushes for more and more extensive, 
numerically derived learning, testing and validation 
data for the training of e.g. Artificial Neural Networks 
(ANN).  
Furthermore, the current age of cloud computing has 
created the conditions that nowadays every user of 
simulation software has access to potentially unlim-
ited hardware resources [1].  
Once you have decided to outsource your applica-
tions or simulations to the cloud, you are faced with 
the challenge of deciding which of the many provid-
ers currently available meets your business needs 
and requirements. The providers differ greatly in their 
offerings and in the way they interact with the cloud.   
This study focuses on COMSOL Multiphyiscs. With 
the help of cloud partners, COMSOL Multiphysics 
supports, running in a Virtual Private Cloud (VPC). 
These official partners include: Nimbix, Rescale, To-
tal-CAE, CPU 24/7, Penguin Computing and Com-
pute Canada. In addition to these official partners, the 
Cloud-Companion (Fig. 1), newly developed by Ka-
leidosim Technologies specifically for COMSOL Mul-
tiphysics, will be tested. 
The different vendors will be evaluated from both a 
technical and usability/user experience [2] perspec-
tive, and the entire workflow of initial setup and daily 
engineering tasks will be considered. The study in-
cludes aspects such as:  

- Account creation 
- License integration 
- Data transfer 
- Storage of data 
- Automation 
- Documentation / Support 
- Pricing 

 

 

 
 
Fig. 1: Parameter study with 30 simultaneous COMSOL simulations 
using the Kaleidosim Cloud-Companion. 

 

Literature: 

[1] Boiger, Gernot Kurt, et al. "A massive simultaneous cloud com-
puting platform for OpenFOAM." 9th OpenFOAM Conference, on-
line, 19-20 October 2021. ZHAW Zürcher Hochschule für Ange-
wandte Wissenschaften, 2021. 
[2] Laugwitz, B., Schrepp, M. und Held, T. (2006): Konstruktion eines 
Fragebogens zur Messung der User Experience von Softwarepro-
dukten. In: Heinecke, A. M. und Paul, H. (Hrsg.): Mensch & Compu-
ter 2006 – Mensch und Computer im Strukturwandel. Oldenbourg 
Verlag, S. 125–134.  
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 Simulation of the Pumping Mechanism of Peristaltic Pumps 

Peristaltic pumps are used for pumping liquids at low flow rates. One of their advantages over 
other pump types is that the flow rate can be adjusted in proportion to the pump speed and 
independently of the operating conditions. However, this requires that the mechanical effects of 
the tube are negligible. Nevertheless, at higher pumping rates or the application-related use of 
suboptimal tube materials, these effects can significantly impair the delivery volume and have 
to be considered. As part of an Innosuisse project, a simulation model has been developed to 
determine the pump characteristics in consideration of the dynamic properties of the tube ma-
terial. 

Contributors: M. Hostettler, G. Boiger 
Partner(s): Confidential 
Funding: Innosuisse 
Duration: 2019–2022

A large number of different pump types are available 
for pumping liquids. Each pump principle has its own 
advantages and disadvantages. Since the selection 
of a pump system is often limited by the specific ap-
plication, the weaknesses and limitations of the pump 
used must be taken into account. 
Peristaltic pumps, for example, are used where the 
pumped medium must not come into contact with the 
environment. They are based on the following princi-
ple: The medium, guided in a tube, is conveyed along 
the tube by specific, mechanical squeezing of the 
tube’s shape (see Fig. 1). This is done by means of 
external rollers or slides, which perform a cyclic 
movement sequence. Theoretically, the volume con-
veyed per cycle is constant, since it is determined by 
the geometry of the external peristaltic. However, this 
requires that the tube follows this motion consistently 
and that there is no lift-off of the peristaltic. However, 
depending on the material properties and conveying 
speed, lift-off can occur and lead directly to a reduc-
tion in throughput. 
 
 
 
 
 
Fig. 1: Cross-section through the pump’s peristaltic with the external 
slides in red and the crushed tube in blue.  

 
The prediction of such flow losses requires an under-
standing of the complex dynamic properties of the 
tube material under the influence of external bound-
ary conditions such as pumping rate and internal tube 
pressure. In addition, the mechanical properties of 
the tube material are subject to temperature and fa-
tigue effects. Until now, the characterization of the 
pump's characteristics has therefore been deter-
mined purely experimentally from a large number of 
time-consuming measurements. 
Within the framework of this project, a physical model 
has now been created to represent the complex vis-

coelastic material effects and to reproduce the pump-
ing process of a specific peristaltic pump by means 
of numerical simulation. This enables a much more 
cost-effective characterization of the pumping sys-
tem. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2: Comparison of measurements (crosses) and simulation for 
three different pumping rates. The volume pumped per cycle over 
time is plotted. 

 
Based on the findings of elaborate 3D fluid-structure 
interaction simulations, the analysis of constitutive 
material models and the inclusion of analytical fluid 
dynamics, a simplified pump model has been devel-
oped. It describes the mechanical behavior of the 
tube inside of the peristaltic pump and calculates the 
resulting flow. In addition, specific measurement 
methods were developed to determine the relevant 
tube material properties. 
For the validation of the results, comparisons with 
flow measurements on real peristaltic pumps were 
used (see Fig. 2). 
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 The Hydromechanical Behavior of Opalinus Clay Fractures: Com-
bining Roughness Measurements with Computer Simulations 

In connection with the storage of hazardous materials in rock units, the presence of fractures is 
of special interest because they can fundamentally change the transport properties of the rock. 
In the project of radioactive waste storage in clay rocks, fracture zones are formed due to the 
construction activity; however, it is also possible that during the long storage, shear zones are 
formed, which modify the transport properties locally. It is therefore fundamental to understand 
the material transport in fractures formed in clay rocks. This study investigates the wall rough-
ness of natural shear fractures formed in the Opalinus Clay, which is Jurassic shale designated 
as host rock for radioactive waste in Switzerland. The height distribution of the fracture surfaces 
was measured optically and characteristic quantities such as the root mean square height and 
fractal dimension were determined from the roughness power spectrum. The measured rough-
ness power spectra were then used as input for the generation of artificial fracture models, which 
in turn were used for virtual compression experiments and numerical flow simulations to predict 
hydromechanical properties in single fractures of Opalinus Clay.  

Contributors: L. Keller 
Partner(s): Nagra, EURAD 
Funding: Nagra, EURAD 
Duration: 2020–2023

The role of surface roughness of fractures in Opal-
inus Clay and in rocks in general is relevant in under-
standing the hydromechanical behavior of fractures. 
Despite extensive research in this area, the detailed 
relationship between roughness parameters, fracture 
contact behavior, fracture mechanical properties and 
transport properties has not been conclusively ad-
dressed. Two different fracture surfaces of shear 
fractures in the Opalinus Clay were investigated. The 
fracture surfaces (Fig. 1) were characterized based 
on their roughness power spectrum. It was found that 
slickensides fracture surfaces are near fractal-like up 
to the longest scale with a fractal dimension Df ~ 2.1 
and no roll-off region at long wavelengths. In contrast, 
the glassy fracture surfaces show a roll-off region, 
which is characteristic of a flat surface with rather 
small and local topographic height variations. The 
glassy fracture surface is near fractal like with Df ~ 
2.0. The two surfaces differ significantly in their root 
mean square height (hrms), which in the case of 
slickensides is in the tens of micrometers range (de-
pending on the size of the investigated area) and in 
the case of the glassy fracture is a few micrometers. 
The measured roughness power spectrum was used 
to create fracture models that served as input for vir-
tual compression tests (Fig. 1). The roughness pa-
rameters hrms and Df influence the contact formation 
behavior, which in turn controls the hydromechanical 
properties (Fig. 1). The lower hrms and Df are, the 
higher the fracture stiffness and the lower the fracture 
compliance, respectively. Comparatively smaller val-
ues of hrms and Df result in a larger number of con-
tact areas, which increases fracture stiffness and de-
creases permeability. In addition, contact formation 

affects the distribution of residual water during drain-
age. With increasing compression and associated 
formation of new contact regions, the regions of con-
nected water bodies become larger.

Fig. 1: Measured topography of shear surfaces (a) used to 
generate fracture models (b). These in turn were closed vir-
tually by compression (b) and the changing transport proper-
ties were calculated (c). 
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 Massive Simultaneous Cloud Computing (MSCC) for Data Driven 
Optimization of SOFC Electrodes 

Digital Materials Design (DMD) enables a systematic model-based development and optimization 
of material systems and microstructures. Applying DMD for the development of Solid Oxide Fuel 
Cell (SOFC) electrodes results in a very large parameter space, which is very time-consuming 
with conventional computing approaches. The concept of Massive Simultaneous Cloud Compu-
ting (MSCC) allows the access of almost unlimited computational resources on demand. This 
drastic reduction of computation times enables to exploit the full potential of the DMD approach 
for the development of the next generation of SOFC electrodes.  

Contributors: L. Holzer, P. Marmet, T. Hocker, G. Boiger, J. M. Brader, J. G. Grolig, H. Bausinger,  
 A. Mai, S. Reeb, M. Fingerle  

Partner(s): Hexis AG, Math2Market GmbH, Kaleidosim Technologies AG 
Funding: Swiss Federal Office of Energy (SFOE), Eurostars 
Duration: 2019–2023

Digital Materials Design (DMD) is a modern approach 
for model-based materials optimization. In our DMD 
approach for optimization of SOFC electrodes, we 
combine stochastic microstructure modelling (i.e. 
simulating the effect of fabrication parameters on 3D 
morphologies), virtual testing of 3D microstructures 
and a multiphysics electrode model. This approach is 
capable to cover a very large parameter space, which 
then provides a good basis for data driven micro-
structure optimization.  
 

 
Fig. 1: a) Virtual Titanate/CGO structure of an SOFC anode with 
computed potential drop, b) comparison of computation time with 
classical and MSCC approach. 
 

However, very long computing times usually put 
strong limitations for extensive parameter sweeps. 
New concepts for Massive Simultaneous Cloud Com-
puting (MSCC) were recently developed in a collabo-
ration of ZHAW, Kaleidosim AG and Math2Mar-
ket GmbH, which gives access to almost unlimited 
computational resources. Thousands of microstruc-
tures can be calculated in parallel. For a parameter 
study with e.g. 103 -104 3D-scenarios as visualized in 
Fig. 1 b), the computing time for stochastic simula-
tions and associated virtual testing typically takes 
more than 1 year with a classical approach on a local 
server. In contrast, with MSCC the computing time is 
almost independent from the number of parameter 
combinations and therefore it reduces to only 1–2 
days. An example of a relatively small parameter 

study is shown in Fig. 2, where the composition and 
porosity of a Titanate/CGO anode is varied.  

 
 
Fig. 2: Example of a parameter study for different porosities and 
compositions of a Titanate/CGO anode.  

 
Combined 3D analyses and numerical simulations 
are used to characterize the virtual microstructures. 
Subsequently, the resulting effective properties are 
used as input for an electrode model, which provides 
the corresponding electrode performances in Fig. 3. 
The statistical analysis of these results leads to new 
design guidelines for electrodes with improved prop-
erties. 

 
Fig. 3: Resulting area specific anode resistance as a function of po-
rosity and composition of a Titanate /CGO anode. 
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 Model Based Optimization of MIEC SOFC Anodes 

Costs and lifetime are currently the limiting factors for a broader use of solid oxide fuel cells 
(SOFC) with natural gas for combined heat and power. Therefore, a systematic optimization of 
materials and cell-concepts is needed to increase lifetime and efficiency. In our approach we 
build on digital materials design (DMD), whereby methods for multi-physics simulation, 3D mi-
crostructure characterization (tomography data) and electrochemical impedance spectroscopy 
(EIS) are combined. Based on the DMD approach, the relations between material properties, mi-
crostructure, cell design and performance are established on a quantitative level. This approach 
helps to define design guidelines for optimized MIEC electrodes and accelerates the innovation 
cycle for future SOFC devices.  

Contributors: P. Marmet, L. Holzer, T. Hocker, J. Brader, J. Grolig, H. Bausinger, A. Mai 
Partner(s): Hexis AG 
Funding: Swiss Federal Office of Energy (SFOE) 
Duration: 2019–2022

For the next generation of solid oxide fuel cells 
(SOFC), the requirements of the market call for 
higher efficiency, longer lifetime and lower system 
costs. In order to meet these requirements, we elab-
orate on new anode concepts, which are based on 
mixed ionic and electronic conductors (MIEC) like 
doped ceria and titanate materials. However, com-
plex physico-chemical processes are involved includ-
ing transport of gas in the pores, transport of ions and 
electrons in the solid phases, fuel oxidation reaction 
on the surface of ceria etc. Hence, there are numer-
ous conflicting requirements, which complicate the 
development process. Therefore, sophisticated 
methods including mathematical models as well as 
experimental methods are needed for a systematic 
optimization of the system. 

 
Fig. 1: Stochastic digital twins with matching microstructure proper-
ties are constructed for a small number of real microstructures, al-
lowing for a virtual but realistic microstructure variation for a large 
parameter space.  
 

In SOFC research, electrochemical impedance spec-
troscopy (EIS) is an essential characterization tool, 
which serves as a basis for materials optimization on 
the electrode, cell and stack levels. Multiphysics sim-
ulation models developed at ICP with AC and DC 
modes, enable the simulation of the EIS-spectra as 
well as the DC behaviour during the normal cell op-
eration. Therewith, a basic understanding of the com-
plex physico-chemical processes and an appropriate 
interpretation of the EIS-spectra is achieved.  

With the digital materials design (DMD) approach, 
the effect of microstructure variation on the cell per-
formance can be assessed. Therefore, the real mi-
crostructures are captured using FIB-tomography for 
a small number of fabricated cells with different com-
positions and porosities (Fig. 1 left). Stochastic digital 
twin models with matching microstructure properties 
are then constructed for each real structure as shown 
in Fig. 1 (right) and Fig. 2. On that basis, the micro-
structure can be varied for a large parameter space 
in a realistic way. Microstructure analysis enables to 
quantify morphological characteristics (tortuosity, po-
rosity etc) and the associated transport properties. 
The multiphysics simulation model is then used to 
predict the impact of the microstructure variation on 
the cell performance. 

  
Fig. 2: Visual comparison of the real microstructures and their corre-
sponding digital twin’s.  
 
By establishing the relation between material proper-
ties, microstructure, cell design and performance, 
guidelines for a new anode materials design can be 
deduced. This allows for a faster and more system-
atic development of new SOFC electrodes. 
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 Digital Microstructure Repository (DMR) as a Basis for Data-Driven 
Engineering of Energy Materials 

Data-driven materials engineering at the microstructure level generates an increasing demand 
for high quality 3D data. To face this challenge, we have started to build up a Digital Microstruc-
ture Repository (DMR), which can be used by the research community for storage, sharing and 
organization of tomography data representing the microstructures of engineered materials. The 
DMR has a particular focus on 3D image data documenting the microstructures of energy mate-
rials (e.g. battery and fuel cell electrodes), which can be used as input for digital microstructure 
design (DMD). 

Contributors: L. Holzer, P. Marmet, V. C. Klaas, A. Fürholz  
Partner(s): Math2Market GmbH 
Funding: Eurostars 
Duration: 2021–2023

Conventional approaches of empirical materials de-
velopment are typically based on the analysis of ex-
perimental data. In these investigations, the parame-
ter space that can be covered with a reasonable 
amount of time and money is strongly limited. As an 
alternative approach, Digital Materials Design (DMD) 
makes use of modern methodologies such as 3D im-
aging and image analysis, stochastic geometry and 
multiphysics modelling. Fig. 1 illustrates a DMD 
framework for microstructure optimization of fuel cell 
electrodes. This simulation framework systematically 
describes a chain of interdependences from materi-
als fabrication over microstructure and effective ma-
terial properties to the final performance (e.g. re-
sistance of fuel cell electrodes). 
Compared to the conventional approach, a much 
larger parameter space can be explored with the 
model based DMD approach. Nevertheless, it must 
be emphasized that realistic performance predictions 
with DMD can only be achieved when the involved 
models are calibrated and validated with suitable ex-
perimental data. For DMD on a microstructure level, 
the availability of experimental 3D images is of par-
ticular importance for setting up a suitable stochastic 
geometry model. Although 3D imaging by micro-CT 
or FIB-SEM tomography has become a popular 
method for microstructure investigations, the result-
ing 3D images are often not accessible to a wider re-
search community. This lack of systematic data shar-
ing currently limits the widespread application of 
DMD methods for microstructure optimization. To 
face this shortcoming, we have started to build up a 
digital microstructure repository (DMR), which col-
lects microstructure data and associated experi-
mental information for engineered materials, with a 
special focus on energy materials such as battery 
and fuel cell electrodes. 
As shown in Fig. 1, the new Digital Materials Repos-
itory (DMR) plays an important role in the DMD work-
flow for storage, organization and exchange of the 
relevant input and output data. The key information 

consists of microscopic images (preferably in 3D) 
from experimental test series, which document a sys-
tematic variation of the underlying fabrication param-
eters. These data are used for setting up a stochastic 
geometry model, which enables the efficient realiza-
tion of numerous virtual 3D microstructures with real-
istic properties. The associated performances (e.g. 
electrode resistances) can then be predicted with 
suitable numerical models that make use of micro-
structure information. New design guidelines for im-
proved materials and microstructures, respectively, 
can then be found with modern optimization methods 
(e.g. machine learning). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Illustration of a modeling framework for Digital Materials De-
sign on microstructure level. Note the important role of a Digital Mi-
crostructure Repository (DMR) for data sharing and organization. 

 
The key features of the Digital Microstructure Repos-
itory (DMR) are the following: 
- Open repository for 3D images and microstructures 
- Focus on microstructures of energy materials  
- Including relevant metadata such as fabrication pa-
rameters, experimental characterization etc. 
- Fully compatible with FAIR principles 
- Easy upload, good findability and reusability of data 
- Particularly suitable as basis for DMD studies
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 PhysioCath: Enhanced Microcatheter Blood Flow Sensor 

Cardiovascular diseases (CVD) are the leading cause of death globally, affecting 422.7M people 
per year. Ischemia with non-obstructive coronary artery (INOCA) increases the risk of major car-
diac events, with a 1.5x increased mortality rate. The lack of effective and accurate tools for 
timely evaluation of coronary impairments creates an unmet need with a substantial market op-
portunity. This project aims to develop a blood flow velocity called PhysioCath based on the 
thermo-convection principle and to be used for effective diagnosis of INOCA. 

Contributors: M. Battaglia, S. Ehrat, T. Hocker, C. Kirsch, E. Knapp, G. Sartoris 
Partner(s): Medyria AG, EOC, USZ 
Funding: Innosuisse 
Duration: 2021–2023 

Medyria is developing a proprietary sensor for meas-
uring local, time-resolved blood flow velocities based 
on the thermal convection principle. The sensor can 
be small enough for a micro endovascular device and 
it is combined with an off-the-shelf pressure sensor 
in a specifically developed microcatheter, the so-
called PhysioCath. The system is simple enough to 
be used during an angiography allowing the operator 
to see the various cardiac indexes in real time on a 
portable monitor. 
Based on measurements with a PhysioCath proto-
type it was found that under external flow conditions, 
common cardiac indexes used in INOCA diagnostics 
could be obtained with a much higher accuracy and 
reliability compared to the current state-of-the art. 
Also, due to the more powerful velocity measuring 
principle, more refined cardiac indexes could be ob-
tained which has stirred great interest by the clinical 
partners from USZ and Cardiocentro Ticino. 
Calculation of physiological indices requires the 
measurement of flow velocity and pressure. At a first 
glance these measurements appear to be simple 
tasks. However, pulsating blood flow within the coro-
nary artery system is very dynamic and complex. The 
local morphology of the artery also affects the flow 
pattern. In addition, the PhysioCath signals are prone 
to artefacts such as the presence of the microcathe-
ter itself in the blood and mismatches between the 
orientations of the velocity sensors and the flow. 
Hence, for a precise measurement of velocity and 
pressure, it is necessary to describe blood flow and 
its physical interactions with the sensor on a quan-
titative level. Experimental blood flow data together 
with simulation data will be used at ZHAW to train 
machine learning algorithms to compensate the sen-
sor signals from measurement errors. If compensa-
tion is not possible, these algorithms should then dis-
criminate between usable and unusable sensor sig-
nals to prompt the operator to accordingly adjust the 
position of the PhysioCath tip. This way, physicians 
can continue to use their standard tools and proce-
dures for the angiography, whilst receiving additional 

data from the PhysioCath about possible INOCA im-
pairments, critical to an early and accurate diagnosis. 
At ICP, the initial phase of the project was devoted to 
develop a FE/CFD-model of the PhysioCath system 
in order to supply large amount of simulation data to 
train machine learning. The major challenge of this 
thermal-flow model is given by its operational mode. 
The velocity sensor is based on the anemometer 
principle. Given a heating source and a temperature 
sensor both immersed or close to a fluid, by keeping 
a constant temperature above ambient on the sen-
sor, the supplied electric power to the heater will de-
pend on the flow velocity. By knowing this latter rela-
tion, measuring the dissipated power yields the flow 
velocity. The particularity of Medyria's system is that 
the heating source it is also used as a temperature 
sensor which can be realized if the electric conduc-
tivity of the heating resistor shows some temperature 
dependency. By knowing this dependency and by 
measuring voltage and current at the resistor, one 
can correlate these two values with some average of 
the sensor's temperature. Hence, we can control the 
sensor's temperature and the dissipated power yields 
the flow velocity. 
The numerical challenge is that the sensor's temper-
ature is not constant and its averaged value is con-
trolled externally and up to six flow sensors may be 
used for compensating signal errors. Therefore, com-
puting a consistent thermal-flow solution is every-
thing else as standard. 
 
 
 
 
 
 
 
 
 
 
 



Research Report 2022  Institute of Computational Physics 

Zurich University of Applied Sciences 9 www.zhaw.ch 

 Simulation of the Envelope Temperature of a Hot Air Balloon 

This project aims to develop a detailed physical model of a hot air balloon that describes its 
motion based on real weather data. In a previous project, a model for flight simulation was cre-
ated. In this sub-project, the temperature, velocity and pressure distributions are determined by 
computational fluid dynamics simulations and it is determined which parameters have a major 
influence on the aforementioned distributions. 

Contributors: J. Stoll, T. Hocker, S. Ehrat 
Partner(s): Air Ballonteam Stefan Zeberli GmbH 
Duration: 2021

The computational fluid dynamic (CFD) model is 
based on the balloon data of Stefan Zeberli's HB-
QZT Homebuilt. Since a hot air balloon is axisymmet-
ric, the system can be reduced to a wedge to simplify 
and reduce the simulation time. The ambient pres-
sure is used as the ambient condition. Additional 
model inputs for the burner are its adiabatic flame 
temperature and, based on the burner power, the in-
flow velocity of the exhaust. 
Important variables for the performance of a hot air 
balloon are the temperature, pressure and velocity 
distributions of the hot air. The internal pressure de-
termines the buoyancy force, whereas the velocity af-
fects the temperature distribution and thus the heat 
losses. The distribution of the variables can be repre-
sented time-dependently by transient simulations. 
Due to large-scale natural convection flows, a steady 
state is not achieved. This can be clearly seen when 
looking at the temperature distributions in Figure 1.  
Another goal is to find out which input variables have 
the greatest influence on the heat losses via the 
balloon envelope and opening and thus change the 
maximum possible flight time of the balloon. The air-
fuel mixture, the burner power, the heat transfer 

coefficient at the balloon envelope and the diameter 
of the burner are investigated. Increasing the air-fuel 
mixture reduces the flame temperature and 
increases the inflow velocity. Reducing the burner 
capacity results in a smaller heat quantity. The higher 
heat transfer coefficient increases the heat loss 
through the balloon envelope. Increasing the burner 
diameter reduces the inlet velocity, which leads to a 
more homogeneous distribution of the temperature 
inlet velocity, which leads to a more homogeneous 
distribution of the temperature. 
The CFD simulations make it possible to change the 
temperature, pressure and velocity distributions of 
the hot air in such a way that optimised characteris-
tics are achieved. In addition, important unknown var-
iables such as isolation effects close to the inside of 
the envelope can be determined and taken into ac-
count in further calculations. 

Figure 1: Illustration of the temperature distribution in a hot air balloon over a period of 30s-120s. 



Research Report 2022  Institute of Computational Physics 

Zurich University of Applied Sciences 10 www.zhaw.ch 

 Schlieren Photography: Flow Analysis During TIG Welding 

Schlieren photography depicts the local fluctuation of the refractive index of a liquid or gas. 
Here, the smallest air flows, which are caused by different gas densities and temperatures, can 
be visualised. With this method, the flow of shielding gas during TIG welding should be quanti-
tatively investigated and optimised for future applications. 

Contributors: S. Ehrat, T. Hocker 
Partner(s): Wolfram Industrie GmbH 
Funding: Innosuisse 
Duration: 2021–2022

In the tungsten inert gas welding process, TIG for 
short, an electric arc is created between the tungsten 
electrode and the component to be welded. During 
the entire welding process, the tungsten electrode is 
surrounded by a shielding gas, usually argon, to pro-
tect it from oxidation by the oxygen in the air. In the-
ory, the electrode therefore remains intact. 
Nevertheless, a wide variety of influences cause the 
tungsten electrode to undergo oxidation. Figure 1 
shows three welding electrodes that were in use for 
different periods of time. It can be clearly seen that 
the longer the electrode is used, the more marked the 
oxidation at the tip. Consequently, it can be assumed 
that the inert gas does not shield the electrode per-
fectly from the ambient air. 
Therefore, an attempt will be made to visualise the 
shielding gas flow during the welding process using 
schlieren photography [1]. Wolfram Industrie GmbH 
has set up a test setup for this purpose, with which 
the first schlieren videos were created (see Figure 2). 
However, such schlieren videos only provide a quali-
tative statement about the shielding gas flow. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: From left to right TIG welding electrodes after 30, 60 and 
90 minutes of operating time. The oxidation traces on the electrode 
tip are clearly visible. 

 
 
 
 
 
 

 
Figure 2: Schlieren photograph of a shielding gas flow from a TIG 
nozzle over a flat plate, without electric arc and without applying cur-
rent to the electrode. 

 
For a few years now, algorithmic analyses of schlie-
ren videos - so-called quantitative schlieren photog-
raphy [2] - have made it possible to extract local, vec-
torial flow velocities and local temperatures from 
schlieren videos. With PIVlab [3], an open-source 
Matlab add-on for particle image velocimetry, an at-
tempt will be made in a first step to evaluate these 
schlieren videos. 
For this purpose, the schlieren video from Figure 2 
was analysed with the help of PIVlab and an average 
value was calculated over the entire recording time 
(see Figure 3). This evaluation shows an excellent 
picture of the average flow velocity and its flow pat-
tern (red streamlines). 
Thus, this tool is ideal for evaluating the protective 
gas flows for a wide variety of environments. In this 
respect, this method can help in the design of future 
gas nozzles and their field of application. 
 
 
 
 
 
 
 
 
Figure 3: Evaluation of the schlieren photograph from Figure 2 using 
PIVlab [3]. The figure shows the average flow velocity over a record-
ing period of 145 milliseconds at 8,000 frames per second. The ve-
locities are shown in colour and some flow lines in red. 

 

Literature: 

[1] G. S. Settles, 
https://www.springer.com/de/book/9783540661559 
[2] G. S. Settles and M. J. Hargather, https://doi.org/10.1088/1361-
6501/aa5748 
[3] PIVlab: https://pivlab.blogspot.com 
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 Nonlinear Thermo-Mechanics of Surface Growth for Additive Manu-
facturing Applications 

Additive manufacturing is a revolutionary developed technology playing an increasing role in in 
various industries. Controlling the residual stresses is crucial to design the process in such a 
way that the manufactured piece meets the required properties. We build a general model of 
thermoelastic surface growth where the act of adding material to the boundary of the work-piece, 
is coupled with the heating effects during the solidification of the added material. 

Contributors: Y. Safa 
Partner(s): A. Yavari, Georgia Tech Institute, USA 
Funding: SNSF Scientific Exchange Programme 
Duration: 2019–2022

Additive manufacturing, most commonly known as 
3D printing, has already found many applications in 
fields ranging all the way from hobbyist art to precise 
manufacturing in various industries such as mechan-
ical, aerospace, and medical. Control the residual 
stresses is crucial to tailor the process parameters in 
such a way that the manufactured piece meets the 
required properties in its working conditions. Indeed, 
the high temperatures and natural cooling to which 
the piece is subjected to during the additive manufac-
turing process causes large strains and can result in 
a high level of residual stresses. This may lead to se-
vere part distortion, dimensional inaccuracies, and 
even cracks in the final manufactured object. Such 
conditions put the additive manufacturing problem 
beyond the scope of the application of linearized 
elasticity.  
However, most of the existing computational works 
on additive manufacturing, are purely based on line-
arized elasticity, and use finite element analysis. Not-
ing that the boundary-value problems of accretion 
problems have not been formulated properly to this 
date and the mechanics of accretion at finite strains 
is still at its infancy. We build a general model of ther-
moelastic surface growth where surface growth, i.e., 
the act of adding material to the boundary of the 
workpiece, is coupled with the machine-induced 
heating and natural cooling during the solidification 
process of the added material. For such structures, a 
knowledge of the mechanical properties of the con-
stituents in their stress-free configuration is not suffi-
cient. The distribution of residual stresses explicitly 
depends on the accretion process, e.g., initial tem-
perature of the added material at the time of attach-
ment, accretion velocity, history of loading, etc. Fig-
ure 1. In [1], a geometric theory of nonlinear accretion 
mechanics was introduced for a symmetric surface 
growth of cylindrical and spherical bodies. This the-
ory was used for the analysis of several model prob-
lems.   
 
 

 
 
 
 
 
 
Figure 1: Motion of a nonlinear elastic body undergoing accretion. 
The reference configuration is a time-dependent set and the material 
metric is not known a priori. 

It was later generalized to non-symmetric accretion 
[2] and coupling with the heat equation [3]. In the pro-
posed research program, the theory of [1,2] is being 
extended to analyze an accreting shaft made of a 
nonlinear elastic solid. This is a generalization of the 
twist-fit problem of nonlinear elasticity (see Figure 2). 
More specifically, we consider a finite circular shaft 
made of an incompressible solid that can be iso-
tropic, transversely isotropic, or orthotropic in its re-
laxed state. We assume that this shaft is under a 
time-dependent torque T(t) while stress-free layers 
are printed on the cylindrical boundary of the shaft. 
We are interested in i) the residual stress distribution 
in the shaft, ii) its relaxed shape after unloading, iii) 
its response (stress distribution and angle of twist) 
under a given static torque after it is additively man-
ufactured. 

 
Figure 2: The twist-fit problem: A cylindrical bar is removed (Step 1.) 
and replaced by a bar of the same height and radius but twisted 
(Step 2.). When released (Step 3), the composite bar develops re-
sidual stress. 
 
[1] F. Sozio and A. Yavari. Nonlinear mechanics of surface growth 
for cylindrical and spherical elastic bodies. Journal of the Mechanics 
and Physics of Solids, 98:12 – 48, 2017.  
[2] F. Sozio and A. Yavari, Nonlinear mechanics of accretion, Jour-
nal of Nonlinear Science 29(4), 2019, 1813-1863.  
[3] F. Sozio, M. F. Shojaei, S. Sadik, and A. Yavari, Nonlinear me-
chanics of thermoelastic accretion, Zeitschrift für Angewandte Math-
ematik und Physik (ZAMP) 71(3), 2020, 87. 
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2 Electrochemical Cells and Micro-
structures 

Fuel cells are a prime example of electrochemical cells. They convert fuels such as hydrogen, natural 
gas or methanol into electrical energy and heat. Fuel cells can be used as a battery replacement in 
portable electronic devices, for combined production of heat and electricity in households and as elec-
tricity source in vehicles. Due to their flat design, fuel cells are easily scalable by connecting them in 
series to form stacks. Electrical efficiencies over 60% are feasible which is much higher compared to 
other decentralized electricity generation technologies. Redox flow batteries are considered as a prom-
ising energy storage technology. These batteries are highly efficient and they provide an energy storage 
solution for fluctuating energy from wind mills and photovoltaic cells. 

The ICP supports the progress in the research and development of electrochemical cells by multiphysics 
computer models. In general, modeling helps to better understand the coupling of chemical, thermal, 
electrical, mechanical and fluidic processes with the goal to detect weaknesses of the system and pro-
vide design improvements. Often these models rely on detailed information about the microstructures 
of the investigated materials. Hence the characterization of gas diffusion layers and electrolyte micro-
structures in 2D and 3D is an integral part of our modeling efforts.  

In addition to fuel cells, we also do research on novel hydrogen production techniques. For example, 
we model photo-electro-chemical cells (PECs) which use solar energy to split water and thus produce 
hydrogen fuel. Most research projects are conducted in collaboration with our strategic partners 
Hexis AG in Winterthur (SOFC), Paul Scherrer Institut in Villigen (PEFC), EPFL in Lausanne (hydrogen 
generation), and Universität Ulm (virtual microstructures). 

 
 
 
 
 
 
 
 
 
 
 D. Bernhardsgrütter R. Schärer 
 
 
 
 
 
 
 
 
 
 
 J. Schumacher J. Wlodarczyk 
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 Macroscopic Cell Models for Organic Redox Flow Batteries 

Redox flow batteries (RFBs) are a promising technology for the stationary storage of energy 
provided by intermittent renewable energy sources. The usage of abundant low-cost organic 
molecules is an attractive alternative to conventional metal-based electrolytes. However, the 
identification of well-suited organic compounds for RFBs is challenging due to the large availa-
ble chemical space. In the European Horizon 2020 project SONAR a multiscale modeling and 
optimization framework is being developed that enables high-throughput screenings of chemical 
compounds, optimizations of RFB components and overall system design. As part of the mul-
tiscale modeling framework, macroscopic models are being developed at ICP, allowing for the 
efficient simulation of important physicochemical processes within RFB cells. 

Contributors: R. P. Schärer, G. Mourouga, J. Wlodarczyk, J. O. Schumacher 
Partner(s): ICT, SCAI, DTU, LRCS, KIT, UNSW, JenaBatteries GmbH 
Funding: European Union’s Horizon 2020 research and innovation programme 
Duration: 2020–2023

One of the primary goals of the SONAR project [1] is 
the identification of viable organic molecules for 
RFBs to accelerate the commercial use of safe and 
cost-efficient energy storage devices. For this pur-
pose, a multiscale modelling and simulation frame-
work is being developed within the SONAR project 
based on a mathematical description of organic 
RFBs from the atomistic up to the micro-grid scale. 
The macroscale models developed at ICP allow for 
the simulation of physico-chemical effects within a 
single electrochemical cell. The continuum models 
describe the driving potentials and fluxes of mass and 
charge, the electrochemical reactions of the active 
material in the porous electrodes, as well as the criti-
cal transport phenomena within the membrane. 
Our 0D-U-I-SoC cell model predicts the cell perfor-
mance with respect to the state of charge (SoC) of 
the battery and the electric current density. The 
model considers the crucial activation and concentra-
tion overpotentials at the electrode surface, as well 
as the electro-osmotic drag causing volume changes 
due to the transfer of solvent between the half-cells. 
Thanks to the dimensional reduction to 0D, the model 
can be evaluated in real-time allowing extensive pa-
rameter studies. 
In Figure 1, the power density of an RFB cell is shown 
as a function of the state of charge (SoC) and the 
electric current density, as predicted by the 0D-U-I-
SoC model. Validation studies have been performed 
in collaboration with JenaBatteries GmbH on a lab-
sized RFB cell using the MV/TEMPTMA system. The 
results show promising agreement between the 
model and experimental data for charge-discharge 
and polarization experiments, see Figure 2. Re-
cently, we published a detailed model description in 
a peer-reviewed journal [2]. Furthermore, the model 
implementation in Mathematica has been made 
available as open-source software on our GitHub re-
pository [3]. 
  

 
Figure 1: Predicted power density as a function of the state of charge 
(SoC) and the (discharging) electric current density. 

 

 
Figure 2: Predicted cell voltage for a charge-discharge cycling ex-
periment with a constant charging / discharging electric current (or-
ange), together with experimental measurements (blue). 

 
Literature: 

[1] SONAR project web site: https://www.sonar-redox.eu/ 
[2] G. Mourouga, R. P. Schärer, X. Yang, T. Janoschka, 
T. J. Schmidt, and J. O. Schumacher, Electrochemica Acta (2022). 
[3] Repository: https://github.com/Isomorph-Electrochemical-Cells

0 1 2 3 4 5 6

0.9

1.0

1.1

1.2

1.3

1.4

1.5

time [h]

V
o

lta
ge

[V
]

Charge- Discharge Curve at 80 mA/cm2

Experiment Model



Research Report 2022  Institute of Computational Physics 

Zurich University of Applied Sciences 14 www.zhaw.ch 

 Determination of the Impact of Porous Electrode Mesostructure on 
the Electrochemical Performance of Flow Batteries Using Volume-
Averaging Method 

Porous electrodes (PE) are ubiquitous in industrial electrochemistry, as they allow for the appli-
cation of high currents, while maintaining a relatively compact size of the electrochemical reac-
tor. Understanding of the impact of macroscopic electrolyte flow in PE on the rate of reactant 
conversion paves the way to improved electrode mesostructure design. In this study, we employ 
simplified and periodic PE geometries on mesoscale to show the consequences of neglecting 
the pore-scale information in large-scale flow cells models. The study is a part of the FlowCamp 
project [1] (a research and training project funded by the European Union’s Maria Skłodowska-
Curie program) and the SONAR project [2]. 

Contributors: J. K. Włodarczyk, R. P. Schärer, J. O. Schumacher 
Partner(s): Fraunhofer ICT (Germany), among others  
Funding: The European Union, Horizon 2020, Maria Skłodowska-Curie Actions 
Duration: 2018–2023

In one of the most promising novel solutions for large-
scale energy storage, i.e. flow batteries, PE with high 
surface area promote an increased current output 
from compact and stackable cells. The complexity of 
the PE internal structure poses numerous problems 
from the perspective of theoretical analysis. While the 
theory of regular flat electrodes is well established, 
the interplay of uneven surface effects, disturbed 
transport processes in inhomogeneous media and 
superimposed electrolyte flow inside PE complicates 
their mathematical analysis. Understanding the im-
pact of convective flow inside the pores on electro-
chemical performance of PE is critical for improved 
design and optimization of operating conditions.  
In the European FlowCamp and SONAR projects, we 
are currently developing a systematic PE study by 
employing simple, periodic 2D and 3D pore-fibre ge-
ometries (Figure 1) consisting of solid fibres and 
voids. We then solve transport equations: the Stokes 
equation for electrolyte flow and the diffusion-convec-
tion-reaction equation in an upscaled form using the 
framework of a well-established volume-averaging 
method (VAM) [3]. The usage of VAM allows us to 
take mesostructure features into account in our mod-
els without resorting to computationally expensive di-
rect numerical simulations with geometries demand-
ing high-resolution meshes. As a result, we can study 
the computed effective transport parameters, such as 
the effective diffusivity (Figure 2), which turns out to 
be strongly dependent on the reaction rate controlled 
by kinetic parameters (here: the kinetic number, Kil) 
and electrode porosity (𝜀). Standard methods of PE 
modelling often neglect the role of microstructure on 
different performance metrics of flow batteries. We 
are also preparing a scientific publication including 
the results of the VAM for the first time applied to a 
fully-blown Butler-Volmer electrochemical interface. 

 
Figure 1: A) Macroscopic representation of a simplified PE - a peri-
odic medium composed of conductive fibres, B) the corresponding 
representative elementary volume  

 

 

Figure 2: Simulated curves of the effective diffusivity as a function of 
different kinetic numbers for two different electrode porosities.  
 
 
[1] Project website: https://www.flowcamp-project.eu/ 
[2] Project website: https://www.sonar-redox.eu/ 
[3] S. Whitaker, The Method of Volume Averaging, vol. 13. Dor-
drecht: Springer Netherlands, 1999. doi: 10.1007/978-94-017-3389-
2.
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 3-D model of water and heat transport in PEMFCs during evapora-
tive cooling and humidification 

Evaporation in gas diffusion layers with hydrophilic lines have been shown to allow for simulta-
neous cooling and humidification in proton exchange membrane fuel cells (PEMFCs). The ob-
jective of this study is to enhance our understanding of evaporative cooling and humidification 
using numerical modeling. We investigate the dominant heat and water transport processes and 
analyze the local sensitivity of the simulation results to changes in operating conditions and 
model parameterizations. 

Contributors: R. Herrendörfer, J. O. Schumacher 
Partner(s): SCCER Mobility: Swiss energy competence center: Efficient technologies and  

systems for mobility, Paul Scherrer Institute (PSI) 
Funding: Innosuisse 
Duration: 2014–2021

Evaporative cooling is a promising concept to opti-
mize the water and heat management in PEMFCs 
and thereby to reduce costs. It is based on the vapor-
ization of water directly inside the cell to provide sim-
ultaneous humidification and cooling [1-2].  
At the ICP, we have developed a 3-D, macro-homo-
geneous, non-isothermal two-phase model to inves-
tigate the dominant heat and water transport pro-
cesses during evaporative cooling and humidification 
(Figure 1). We solve for the transport equations of 
gas, liquid water, dissolved water, heat, electrons, 
and protons.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results obtained with the base case model are 
shown in Figure 2. The model accurately captures 
the water and heat balance of an evaporatively 
cooled PEMFC. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Base case model results: (a) streamlines of water vapor 
flux originating at different domain boundaries as indicated in the 
legend; total water vapor flux magnitude in (b) x-direction (through-
plane), (c) y-direction (parallel to channel flow), and (d) z-direction 
(perpendicular to channel flow). (e-m) Profiles of water vapor flux 
components. Magenta dashed lines in (a-b) indicate each profile’s 
location.  
 
[1] Cochet, M., A Forner-Cuenca, V. Manzi, M. Siegwart, D. Scheu-
ble, and P. Boillat. Fuel Cells 18 (5): 619–26, 2018 
[2] Cochet, M., A. Forner-Cuenca, V. Manzi, M. Siegwart, D. Scheu-
ble, and P. Boillat. JEC, 67 (8): 084518, 2020 
[3] R. Herrendörfer, M. Cochet, J. O. Schumacher, special issue on 
proton exchange membrane fuel cells, accepted for publication in 
Energies.

Figure 1: 3-D model setup. Anode flow field with one gas and liquid
water channel, respectively, a cathode flow field with two gas channels.
The membrane electrode assembly includes the hydrophobic anode
gas diffusion layer with one hydrophilic line.     
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3 Organic Electronics and Photo-
voltaics 

Organic semiconductors have received great attention since 1987 when organic light-emitting devices 
were invented by leading scientists at Kodak USA. After more than 30 years of R&D and commerciali-
zation efforts world-wide, we are now witnessing a wide range of OLED displays in consumer products 
ranging from mobile phones 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 semiconductor 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 mod-
ules 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 subject 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 meas-
urement 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 chap-
ter gives an overview on ongoing R&D projects carried out in this interdisciplinary research field of the 
ICP. 
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 Novel Semiconductor Devices 

We are working on the device physics of various emerging semiconductor devices. Those in-
clude organic and perovskite solar cells and LEDs. Our focus is on the development of novel 
characterization techniques hand in hand with dedicated simulation approaches. The goal of our 
activities is to better understand performance limiting processes to enable better and more long-
term stable devices. Currently, we are interested in the mixed ionic-electronic conductivity, 
which is a peculiarity of our perovskite semiconductors. Beyond collaborating with groups, who 
are specialized in the chemistry and device manufacturing, we fabricate our own solar cells and 
realize perovskite memristors. 

Contributors: F. Ebadi, M. Mohammadi, H. Moumine, A. K. Sachan, M. Torre, O. Zbinden, W. Tress 
Partner(s): EPFL, LMU, LiU 
Funding: ERC Starting Grant 
Duration: 2020–2025

Metal halide perovskites are fascinating semiconduc-
tors, which have seen just ten years of research for 
applications in solar cells and LEDs. During this time, 
power-conversion efficiencies of solar cells have 
been achieved that are comparable to established 
solar cell technologies. Driven by simple and low-en-
ergy fabrication processes, start-up and established 
companies are working on a commercialization of 
perovskite solar cells. However, operational stability 
is still a challenge, which can be partially tackled by 
encapsulation technologies. On the other hand, the 
instabilities are related to more perovskite-intrinsic 
properties such as mobile ionic lattice defects, which 
move under operation and influence the electric field 
in the device. 
In this project, we intend to better characterize, 
model, control, and exploit such defects. We fabri-
cate devices under test such as perovskite solar cells 
in a glovebox environment. For characterization we 
use optoelectronic measurements such as current-
voltage curves and impedance spectroscopy as a 
function of light intensity and temperature. In an opti-
cal setup, we perform photo- and electrolumines-
cence measurements on thin films and complete de-
vices. Beyond those macroscopic measurements, we 
are developing measurements on the nanoscale, 
which are based on tip-enhanced spectroscopy. 
Modelling is employed to reproduce the data of those 
experiments. Here, we use available drift-diffusion 
simulations as implemented in setfos from Fluxim. 
Additionally, also in the framework of the DIZH, we 
want to explore, how machine learning approaches 
can complement our physics-based models. 
Guided by our simulations, we will design and fabri-
cate memristive devices that are supposed to be can-
didates for future neuromorphic computing. In con-
trast to the solar cells, these novel devices are in the 
state of basic research. 
At the present state, we are characterizing solar cell 
samples from partners at EPFL. Our goal is to better 
understand the effects of surface treatments, which 

are employed to decrease performance losses due to 
defects and to enhance the long-term stability. Be-
yond stability, perovskite solar cells face another 
issue, which is the toxicity of the used element lead. 
Here, we collaborate with chemists at the LMU in Mu-
nich. They are developing alternative perovskite ma-
terials, where the lead cation is replaced by other 
metal cations, forming so-called double perovskites. 
However, these devices show a power-conversion 
efficiency of only few percent. Using voltage-depend-
ent spectral response measurements, we were able 
to identify that one major loss mechanism is at the 
contacts, which are not charge-selective. This means 
that under high voltages both, negative and positive, 
charge carriers are collected at the same contact, 
which leads to currents that compensate each other 
and reduces the output power. 
 

 
Figure 1: Overview of the project. 

 
Further information: 

https://www.zhaw.ch/de/engineering/institute-zentren/icp/organ-
ische-elektronik-und-photovoltaik/novel-semiconductor-devices/
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 New Tools for Characterizing Quantum-Dot Displays 

Quantum dots are a promising technology for use in LCD screens. With the help of quantum 
dots, the background illumination can be improved, resulting in more brilliant colors and at the 
same time simplifying the internal structure. In this project, we are extending existing simulation 
software and developing new measurement equipment to support research and development in 
this area. 

Contributors: K. P. Pernstich, M. Frioud, A. Bachmann, C. Kirsch, M. Regnat, B. Ruhstaller 
Partner(s): Fluxim AG 
Funding: Innosuisse  
Duration: 2021–2024

In newer LCD screens, the backlight no longer con-
sists of a light source that emits white light, e.g. a 
white LED, but of a combination of a blue LED and a 
quantum dot (QD) film. The QD film absorbs the blue 
light and emits it in one of the other primary colors, 
i.e. red or green, resulting in a more brilliant color re-
production.  
In addition to LCD screens, organic light-emitting di-
odes (OLEDs) have also established themselves as 
a market-ready technology. Among certain other ad-
vantages, OLED screens offer better image quality 
than LCDs. Recent developments now seek to lever-
age the advantages of both technologies and use QD 
films together with blue OLEDs as a new technology. 
Figure 1 illustrates this new trend in the display in-
dustry. 

 
To benefit from this new technology, Korean and 
Swiss partner organizations have joined forces in this 
international Innosuisse project. The Swiss partner 
company Fluxim AG is expanding its products in the 
areas of measuring instruments and simulation soft-
ware. The Korean partner company is developing a 
process to encapsulate the quantum dots and thus 
make them more durable. The academic partners in 
Korea are working on the fabrication and optimization 
of blue OLEDs and on an inkjet printing process to 
selectively deposit the QD films over individual 
OLEDs.  
At the ICP, we are involved in the further develop-
ment of a model to calculate the propagation of light 
as a function of its polarization direction and also in 
the development of a measuring device for the de-

tailed investigation of QD films and QD-OLEDs. Fig-
ure 2 shows the CAD design of this instrument, which 
allows to measure the edge-degradation of QD films 
at various temperatures and different environmental 
conditions such as an inert nitrogen atmosphere or 
dry/humid air. Figure 3 shows an example scenario 
of the prototype ray-tracing software.  

Figure 2: CAD design of the thin film degradation tool with the envi-
ronmental chamber, sample holder, lens, and camera. 
 
 

 
Figure 3: Example of scenario for tracking the polarization state of 
light through a stack of absorbing media. Interfaces between the me-
dia are flat but otherwise oriented arbitrarily. An unpolarized mother 
ray (blue, labelled ‘m’) is launched in a non-absorbing medium (low-
ermost layer). The indicated complex numbers are the respective 
complex refractive indices of the media. For that case, the intensity 
of the upward outcoupled ray (green, labelled ‘mttt’) is 67 % of the 
mother ray intensity and it is partially p-polarized (degree of linear 
polarization 28 %).  

Figure 1: QD film in an LCD screen (top) and in an OLED screen
(bottom). Source: Nanosys Inc. 
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 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 to design even better products. Our project aims to im-
prove the characterization of organic semiconductors using electrochemical measurements in 
combination with computer simulations. 

Contributors: G. Kissling, E. Knapp, K. Pernstich 
Partner(s): Fluxim AG 
Funding: Swiss National Science Foundation (SNSF) 
Duration: 2020–2022

Nowadays organic semiconductors are widely used 
in display and lighting applications (OLED TVs and 
light panels) and in the fabrication of novel transis-
tors, sensors, data storage elements and solar cells. 
To produce better devices, the understanding of the 
physical processes and the materials properties of 
organic semiconductors needs to be improved. 
In this interdisciplinary project we investigate organic 
semiconductor materials using electrochemical 
methods and (theoretical) multiphysics modelling. 
The project combines the ICP department’s com-
puter modelling-expertise with fundamental electro-
chemistry research. 
The aim of the project is the development of a reliable 
method for the characterization of a range of organic 
semiconductor properties and materials parameters. 
The experiments will give us insight into some prop-
erties which have so far been very hard or almost im-
possible to measure. The data will be fed into a de-
tailed theoretical model. Common numerical models 
can then be optimized using our experimental results. 
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Figure 1: Molecular structures of four common OLED materials. 
 

We are using electrochemical methods to character-
ize organic semiconductor materials, consisting of 
molecules such as the ones shown in Figure 1. The 
molecules will either be electrochemically studied in 
solution or as thin films adsorbed onto substrates. 
The stability and the semiconductor properties of the 

materials, such as the positions of the valence and 
conduction bands and of defect states, will be inves-
tigated. 
The positions of the valence and conduction bands 
were analysed in detail using electrochemical exper-
iments in solution, as illustrated in Figure 2, and cor-
relate well with literature data, as can be seen in Fig-
ure 3. 

 

 
Figure 2: Cyclic voltammetry measurements of the various OLED 
materials. 

 

 
Figure 3: Valence and conduction band positions of the investigated 
OLED materials (blue lines) in comparison to literature values (yel-
low dots). 
 

In the coming year the research will focus on com-
paring experimental results obtained in solution to ex-
perimental results obtained on thin films. This project 
may lead to an improved understanding of the current 
state of the art by providing inputs that lead to the 
development of more accurate models for organic 
semiconductor materials characterization. 
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 Advanced Imaging and Machine Learning for PV Quality Assurance 

A multispectral-imaging setup is developed for investigating lab-scale solar cells and for obtain-
ing spatially resolved information about the cell quality. Machine learning is used to estimate 
parameters for a physical FEM model that serves as a digital twin for further optimization. 

Contributors: M. Battaglia, E. Comi, C. Kirsch, E. Knapp, B. Ruhstaller 
Partner(s): Fluxim AG, Solaronix AG 
Funding: Innosuisse 
Duration: 2022–2024

Next generation solar cell technologies are re-
searched intensively to further increase efficiency 
and reduce cost of photovoltaic energy production. 
The probability of defect occurrence due to inhomo-
geneity of the deposited layers increases in the pro-
duction of large-area solar cells. For accelerating the 
transfer from lab-scale cell research to industry-scale 
module development and production, reliable charac-
terization methods are crucial. 
With their spatially resolved information, imaging 
methods allow for a more detailed characterization of 
defects and non-uniformities in novel solar cells. Ex-
isting imaging methods are often not carried out sim-
ultaneously and correlated to investigate a particular 
cell, moreover, the processing of the image is rarely 
done with a physical modelling approach but with tra-
ditional feature detection routines. 
We aim at creating a disruptive measurement setup 
that combines electroluminescence (EL), dark lock-in 
infrared thermography (DLIT), photoluminescence 
(PL) and visual imaging (Vis) in one instrument and 
connect it to a simulation pipeline that creates a digi-
tal twin of the cell. The underlying model parameters 
are estimated from the images with the aid of ma-
chine learning. 
Solaronix AG, as a manufacturer of perovskite based 
solar cells and modules, has a great interest of hav-

ing a tool available for non-destructive solar cell anal-
ysis, being for developments or (in-line) quality con-
trol. Solaronix AG will provide solar cells and mini-
modules of different types and sizes for measure-
ment setup validation purposes and further analysis 
of their devices.  
A new business opportunity for Fluxim AG is ex-
ploited within its range of tools for PV R&D in terms 
of extensions of existing simulation software and the 
development of a new measurement setup. 
Fluxim AG has profound experience in developing 
all-in-one measurement platforms that are comple-
mented with simulations and with this project wishes 
to enter the advanced imaging domain.  
The project builds upon promising results obtained in 
a predecessor project where the 2D+1D simulation 
software Laoss has been extended to the electrical 
and thermal small-signal domain and machine learn-
ing (ML) models of the solar cell were developed with 
training data obtained with synthetic images com-
puted with the physical model behind Laoss. In this 
successor project we wish to develop a prototype all-
in-one imaging system with incorporated modelling.  

Figure 1: Conceptual sketch illustrating the components for the planned multi-imaging setup including data acquisition, post-processing and 
the simulation software using ML based parameter extraction and yielding a digital twin. 
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 All-Organic Gap-Free Terahertz Photonics 

The goal of this project is to develop an all-organic and gap-free broadband terahertz (THz) gen-
eration and detection approach that will be highly valuable for a variety of applications ranging 
from fundamental studies of THz-light-matter interactions to industrially relevant THz spectros-
copy and imaging. 

Contributors: U. Puc, M. Auer, M. Jazbinsek 
Partner(s): Ajou University, South Korea 
Funding: SNSF Bilateral programmes 
Duration: 2020–2023

Terahertz sources based on organic electro-optic 
crystals have become increasingly important during 
the last years for THz photonics. This is because of 
their unique possibilities to combine extremely high 
THz electric fields needed for studying light-matter in-
teractions, as well as their ultra-broad coverage of the 
complete THz range from 0.1 THz to beyond 20 THz, 
needed to match specific fundamental modes of the 
matter to be investigated and controlled. This makes 
organic electro-optic crystals on the one hand essen-
tial for the emerging field of nonlinear THz photonics. 
On the other hand, organic crystals offer a unique op-
portunity for extending THz spectroscopy and THz 
imaging applications beyond the few-THz limit of 
most of the presently employed broadband THz 
sources. [1] However, these materials themselves 
possess intrinsic molecular phonon and vibrational 
modes in the THz range, which leads to unwanted 
modulation including complete gaps in the generated 
THz spectrum. This modulation presents a funda-
mental limit for linear and nonlinear THz photonics 
based on organic electro-optic crystals, which we 
want to overcome in this project for gap-free THz 
photonics applications. 
In this interdisciplinary international project collabora-
tion, the Korean side (Ajou University) is designing 
and synthesizing novel organic molecular crystals 
with large macroscopic optical nonlinearity and 

controlled crystal characteristics by various crystal-
engineering approaches. The Swiss side (ZHAW) is 
evaluating theoretically and experimentally the opti-
cal and the THz properties of the developed organic 
molecular crystals and implementing them for broad-
band THz applications. 
 
 
 
 
 
 
 
 
 
 
 
 
Finally, profiting from the advantages offered by the 
newly developed all-organic gap-free THz photonics 
approach, we will investigate various novel organic 
transporting materials interesting for a variety of ap-
plications such as organic solar cells, organic field ef-
fect transistors, as well as organic photodetectors 
and gas-sensing applications. 

 
Literature: 

[1] Puc, Bach, Günter, Zgonik, Jazbinsek; Adv. Photonics Res. 2, 
https://doi.org/10.1002/adpr.202000098 (2021). 
[2] Kim, Kang, Puc, Jazbinsek, Rotermund, Kwon; Adv. Optical Ma-
ter. 9, https://doi.org/10.1002/adom.202101019 (2021). 

 
 

 

 

 

 

Fig. 2: THz time-domain signal (a) and the corresponding power spectrum (b) of the THz setup based on 
organic crystals: The aim of this project is to reduce the modulation of the signal seen in (b) to achieve a 
flat spectral response over the whole frequency range. 

Fig. 1: In this project, organic electro-optic crystals and their 
combinations are used for ultra-broadband THz-wave genera-
tion. Illustration: DOI: 10.1002/adfm.201707195. 
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 Dynamics of Charge Transfer States in Organic Semiconductor De-
vices: A Combined Experimental and Simulation-Based Approach 
(CTDyn) 

In this Swiss-German collaboration the charge transfer states (CT excitons), that play a crucial 
role in the understanding and further improvement of the efficiency of organic electronic devices 
such as OLEDs and organic solar cells will be investigated. We choose an approach that com-
bines optical and electronic measurements with numerical simulations and will improve the un-
derlying physical models and numerical methods.  

Contributors: M. Regnat, S. Züfle, B. Ruhstaller 
Partner(s): Prof. W. Brütting, University of Augsburg 
Funding: SNSF / DFG 
Duration: 2020–2023

In this project we study the dynamics of excitons and 
interplay between different exciton species as well as 
between excitons and charge carriers, both in the 
bulk of individual layers (intra-molecular) and at inter-
faces of multilayer organic semiconductor devices 
(inter-molecular). We will extend the established 1D 
drift-diffusion approach [1] and combine it with a 
novel 3D Master equation model [2] as well as com-
pare it with 0D analytical formulas. 
Figure 1 shows exciton and charge transfer pro-
cesses that can occur, in both, organic light-emitting 
diodes (OLEDs) and organic solar cells.  

Figure 1: General exciton and charge transfer processes. FC de-
notes the free carriers, S1 the singlet, T1 the triplet exciton, and S0 
the ground state.  

 
In a first part of this project we are using advanced 
simulations to better understand the influence of dif-
ferent exciton quenching processes, such as triplet-
polaron quenching (TPQ) and triplet-triplet annihila-
tion (TTA), on the efficiency of an OLED device for 
different emitter concentrations.  
Figure 2 shows the excited states lifetime τ* data (di-
rectly proportional to the efficiency of an OLED) of a 
green phosphorescent OLED stack with an emitter 
concentration of 2% and 16%. From fitting of the data 
with 0D analytical formulas the underlying exciton 
quenching mechanism for the reduction of the ex-
cited states lifetime at increasing current densities is 
either TPQ or TTA. 

 
Figure 2: Excited states lifetime data for increasing current densities 
of an OLED with an emitter concentration of 2% (left) and 16% 
(right). Fit to experimental data clearly shows that the decrease at 
higher currents is better described by TPQ for the case with 2%, and 
by TTA for the case with 16%.  
 

With the combination of 3D Master equation and 1D 
drift-diffusion approach it should be possible to set up 
an electro-optical model that is able to reproduce 
both cases with one set of parameters and thus al-
lows us to understand the exciton processes in this 
OLED better. 
In the end it should be possible to predict the opti-
mum emitter concentration for the highest efficiency 
and the lowest efficiency roll-off at high current den-
sities.  
 
 
References: 

[1] Simulation software Setfos, www.fluxim.com/setfos-intro (April 
2021) 
[2] Zeder et al. „Coupled 3D Master Equation and 1D Drift-Diffusion 
Approach for Advanced OLED Modeling“. Journal of the Society for 
Information Display 28, Nr. 5 (2020): 440–49. 
https://doi.org/10.1002/jsid.903
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4 Sensors 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 col-
laborate with startups, international companies as well as leading academic partners and bring our en-
gineering expertise to projects requiring state-of-the-art technical development. 

We have been dedicated to creating impact by cultivating an entrepreneurial mindset and thinking be-
yond 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 biomedical 
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. 

 
 
 
 
 
 
 
 
 
 M. Bonmarin D. Fehr 
 
 
 
 
 
 
 
 
 
 R. Hagen F. Spano 
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 Development of a Thermotherapy Device for the Treatment of Cuta-
neous Leishmaniasis 

Cutaneous leishmaniasis is a disease endemically affecting several low-income countries. Aside 
medication, current treatments are based on heat therapy: the lesion is heated up to 50° C to kill 
the responsible parasite. Unfortunately, current devices available on the market are still too ex-
pensive and out of reach for the affected countries. In this project our goal was to design and 
build a low-cost version of such a thermotherapy device.  

Contributors: A. Bachmann, R. Hagen, D. Fehr, F. Spano, M. Bonmarin 
Partner(s): Drugs for Neglected Diseases Initiative DNDi 
Funding: Direct funding & student projects 
Duration: 2020–2022

Commercial thermotherapy devices use radiofre-
quency heating to allow reaching a temperature of 
50° C for several seconds (usually around 30 sec-
onds). They contain two separate parts: a handheld 
electrode to be applied on the skin lesion and a base 
controlling the handset. The device should be safe, 
portable and battery operated. Besides it should be 
robust to be easily transported to remote places. 
Based on these requirements, the Sensors and 
Measuring Systems developed a new thermotherapy 
device (Figure 1 & 2). The device is composed of a 
handset (see Figure 1) connected to a base (see Fig-
ure 2). The temperature is controlled via a sensor in-
serted into of the electrode ensuring that the desired 
temperature is reached.  

 
Figure 1: Picture of the device head with electrodes and a start but-
ton. All parts have been 3D printed in house. 
 
Each component has been carefully selected to keep 
production cost as low as possible without compro-
mising performances. 

 
Figure 2: Picture of the device base station. User interface is simply 
composed of a rotary encoder, a start button and an OLED display. 
 

Basic validation tests on pig skin and artificial phan-
toms have been performed. The device has been de-
livered to DNDi for further testing. A follow-up project 
is foreseen to further improve the prototype. 
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 A New Thermography-Based Method to Quantify Sweat Glands Ac-
tivity in Vivo 

The quantitative investigation of sweat glands is relevant for the diagnostic or follow-up of vari-
ous diseases. Current methods are mostly based on absorbents that are put in contact with the 
skin but do not allow the monitoring of individual sweat glands or the dynamics. We proposed a 
new technology based on passive thermal imaging and capable of monitoring several sweat 
glands in parallel, quantifying time-dependent sweat rate. 

Contributors: V. Vescoli, T. Wehrmüller, A. Schmid, R. Hagen, D. Fehr, F. Spano, M. Bonmarin,  
 A. Drexelius (UC Cincinnati), J. Heikenfeld (UC Cincinnati) 
Partner(s): Novel Device Lab, UC Cincinnati 
Funding: Student projects 
Duration: 2020–2022

An IR camera is used to monitor the skin surface tem-
perature (see Figure 1). Sweat glands appear as 
dark/cold spot on the IR images (see Figure 2). 

 
Figure 1: Experimental setup. An IR camera monitor the skin sur-
face. 

 
Using mathematical modelling, the temperature dif-
ference between the sweat glands and the skin as 
well as the ambient humidity and temperature can be 
used to retrieve a sweat rate (see Figure 2). 

 
Figure 2: Sweat glands are easily visible as dark spot. Thanks to 
mathematical modelling the temperature difference is converted in 
sweat rate (in nL/min). 

Another advantage of the method is that it allows to 
follow sweat glands dynamics (see Figure 3). 
 

 
Figure 3: Dynamic of 3 sweat glands together with a reference over 
100 seconds. 

 
Thanks to several student projects, a first prototype 
has been built and will be tested in several clinical 
and non-clinical studies in Switzerland and Germany. 
 
Source: 

A. Drexelius, D Fehr, V. Vescoli, J. Heikenfeld and M. Bonmarin, "A 
simple non-contact optical method to quantify in-vivo sweat gland 
activity and pulsation," in IEEE Transactions on Biomedical Engi-
neering, doi: 10.1109/TBME.2022.3151938.
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 Design and Development of Artificial Skin Models for Tactile Sens-
ing Applications 

Contributors: F. Spano, D. Fehr, M. Bonmarin, J. Blunschi, R. Sassenburg. 
Duration: 2019–2021

Despite the forthcoming arrival of entirely cell-based 
skin models, the development of artificial skin models 
is still progressing and relevant. Indeed, the cell-
based skin models are far from reproducing the hu-
man skin properties and the needs of the community. 
In particular, there is still a need for reproducible and 
stable artificial skin models mimicking different prop-
erties of the human skin. Moreover, and fortunately, 
due to new regulations and ethical issues, animal 
testing is not anymore tolerated. So, the design and 
development of artificial skin models simulating vari-
ous properties of the human skin, as for example, the 
mechanical, thermic, sweating and tactile properties 
of the human skin are considered [1-2]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Illustrations of the different fabrication phases: material devel-
opment and real palm replica; Multi-layered skin model with the ca-
pacitive-sensing grid and the LED matrix, controlled by the proto-
typed electronics. 
 

The artificial skin models are generally constituted by 
a multi-layered combination of materials mimicking 
the real human skin and its different layers (stratum 
corneum, epidermis, dermis, and sub dermis). The 
materials used to simulate the physical properties of 
the real human skin are various [3], often silicon-
based materials such as polydimethylsiloxane or ge-
latinous materials [4]. They are selected in function of 
the properties to simulate. Concerning the fabrication 
processes, we are using classical deposition tech-
niques such as drop casting and bar coating for ex-
ample. Additionally, we are implementing new tech-
nologies such as 3D bioprinting for example.  

 
 
 
 
 
 
 
Fig. 2: Illustrations of the tactile capabilities of the artificial skin model 
implementing the real human texture and mechanical properties in 
addition to the change of colours in function of the applied force and 
the multipoint capacitive sensitivity. 
 

 
In this particular bachelor’s project, we focus on the 
design and fabrication of an artificial tactile skin, a 
skin model combining the mechanical properties of 
the human skin and its texture, and in addition a ca-
pacitive sensing device combined with a LED matrix 
(Fig. 1) indicating the multipoint localization and the 
applied forces by simple changes in colours as illus-
trated in Fig. 2.  
Attention was provided on the fabrication and replica-
tion of a real human palm. The mechanical properties 
were obtained by generating a multi-layered material 
made of several silicon-based polymers layer by 
layer (Dragon skin FX Pro and Ecoflex). Moreover, a 
replica of a real human palm was realized reproduc-
ing precisely the hand texture increasing the feeling 
to interact with a real human hand. Separately, a flex-
ible capacitive sensor was designed and fabricated 
by implementing a grid of wires embedded in a poly-
meric matrix. In a successive step, a LED matrix was 
connected to the capacitive grid and programmed. 
The tactile skin is able to react to multipoint touch and 
indicate the variation of applied pressure by change 
of colours. 
Such skin models can be envisaged for providing an 
interface for robots to interact in a world surrounded 
by humans, or simply for interactive devices for com-
munication in smart cities.  
 
Literature: 

[1] M. Guan et al., Development of a sweating thermal skin simulant 
for heat transfer evaluation of clothed human body under radiant 
heat hazard, Applied Thermal Engineering 166, 114642 (2020).  
[2] L. Zhai et al., Development of a multi-layered skin simulant for 
burn injury evaluation of protective fabrics exposed to radiant heat, 
Fire and Materials 43 (2), 144-152 (2019). 
[3] A. K.  Dabrowska et al., Materials used to simulate physical prop-
erties of the human skin, Skin Research and Technology 2016; 22: 
3-14. 
[4] A. Dabrowska et al., A water-responsive, gelatine-based human 
skin model, Tribology International 113 (2017) 316-322. 
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 Portable Device for Early Diagnosis of Lymphedema 

Contributors: D. Fehr, A. Bachmann, M. Bonmarin 
Partner(s): Institute of Pharmaceutical Science, ETH Zurich  

Department of Plastic and Hand Surgery, University Hospital Zurich  
SKINTEGRITY 

Funding: Innosuisse 
Duration: 2018–2021

The probability of developing lymphedema until the 
end of life is about 30% after breast cancer treatment 
– and this is only one of the possible risk factors. Mil-
lions of people are therefore at increased risk of de-
veloping lymphedema. In this disease, the function of 
the lymphatic system is permanently disturbed, caus-
ing e.g. irreversible swelling of the arms if appropriate 
treatment is not initiated in time. This slows down the 
swelling or even stops it completely. Early diagnosis 
of the disease is therefore crucial. Nevertheless, 
there is currently no standardized, widely available 
method that allows regular and reliable monitoring of 
people with an increased risk. 
 
 
 
 
 
 
 
 
 
Fig. 1: Left: Autarkic hand tool with battery. Top right: Display. Mid-
dle: Measurement opening. Bottom right: Measured value versus ac-
tual marker concentration. 
 

In this work, a suitable method for the early diagnosis 
of lymphedema has been developed in collaboration 
with the Institute of Pharmaceutical Sciences at ETH 
Zurich. It consists of a fluorescent marker, which is 
injected into the skin of the patient, and a simple med-
ical measuring device, which can determine the 
clearance rate of the marker by means of the fluores-
cence intensity. If the rate of clearance is reduced, 
there is a suspicion of developing lymphedema. Ide-
ally, patients will be able to use this method to moni-
tor their lymphatic system independently and regu-
larly – and therefore be able to consult a specialist at 
an early stage. 
In various preliminary projects, a suitable fluorescent 
marker and a first portable measuring device with op-
tical sensor technology for quantifying the fluores-
cence signal were developed. For this purpose, the 
existing optics (Fig. 2) were supplemented by a self-
sufficient control electronics and operating element 
and installed in a compact housing (Fig. 1). With this 
hand-held device, the method could already be vali-
dated in various experiments [1]. 

The goal of the next phase was to validate the con-
cept in a clinical study. For this, the measuring device 
was extended with a Bluetooth interface and the PC 
program LymphData has been developed. It facili-
tates the automated acquisition of measurement data 
and its export to the Case Report Form (eCRF), 
which serves the formal documentation of the study. 
With this, the concept was successfully evaluated in 
vivo [2]. 
The measuring device has also been realized as a 
wearable sensor, which is reduced to the size of a 
wristwatch. For this purpose, it had to be redeveloped 
from scratch, because the existing optics could not 
be further miniaturized. The optics were shrunk con-
siderably, while maintaining its sensitivity. In parallel, 
a companioning smartphone app has been imple-
mented that allows to control, monitor the measuring 
process and export of the captured data. 
 

Fig. 2: Optical and electronic components of the handheld device. 
 

Literature: 

[1] A. Polomska et al., “Minimally invasive method for the point-of-
care quantification of lymphatic vessel function,” JCI Insight, 
4(4), Feb. 2019. https://doi.org/10.1172/jci.insight.126515 
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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 buildings have be-
come energy producers themselves. Large volumes of information, goods and people move around 
buildings. Data is continuously collected using sensors and measurement technology; simulations and 
control technology are used to ensure that all these processes can be optimally supported and controlled 
in an increasingly digital world.  

At ICP, we support the digitalization in the building sector with computer simulations for physical-tech-
nical 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 simulation 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.   

 
 
 
 
 
 
 
 
 
 
 
 
 D. Kempf F. Leuppi M. Schmid 
 
 
 
 
 
 
 
 
 
 
 C. Tello Fachin A. Witzig 
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 Simulation of Pedestrian Flow and the Associated Spread of Infec-
tious Diseases 

How can public spaces be designed to minimize the risk of infection during an epidemic? We 
discuss this issue with the aid of simulations which are based on a model describing the move-
ment of pedestrians and a coupling with an epidemiological model. This allows the analysis of 
local epidemiological situations for instance in educational institutions or pedestrian zones. 

Contributors: M. Schmid, D. Bernhardsgrütter 
Partner(s): HTWG Konstanz, FH Vorarlberg, ASE AG, PerEx GmbH, Inatura GmbH 
Funding: Interreg Alpenrhein-Bodensee-Hochrhein 
Duration: 2021–2023

In a pandemic situation, protective measures are 
needed that severely restrict social life and the econ-
omy. The consequences of the interventions are of-
ten difficult to assess and there is a lack of knowledge 
to determine the optimal level of restrictions.  
The question arises whether, for example, business 
closures can be avoided if the probability of spread-
ing an infectious disease can be reduced by optimal 
room design. The aim of the project is to develop a 
software tool that can be used to simulate pedestrian 
movement and the associated probability of infection 
with various infectious diseases (Figure 1). The basis 
is the simulation software pFlow, which calculates the 
pedestrian flow of evacuation scenarios. pFlow has 
been developed at the ICP and at the HTWG in the 
past years [1].  
 

 

The description of pedestrian flow is now coupled 
with an epidemiological model in the current project. 
Typical infection models are so-called SIR models 
(susceptible, infected, removed) [2]. 
With the possibility to simulate the spread of infec-
tions in a moving crowd, we obtain a novel tool that 
can be used to deduce design rules for spaces from 
an epidemiological point of view. This is exemplified 
with a simple scenario.  
We consider a square room with one exit, filled with 
people who all want to leave the room at the same 
time. During a pandemic situation, how does the 
evacuation of an empty room compare to the same 

room filled with tables? The results of our model are 
shown in Figure 2. 

 
At the beginning of the evacuation, an empty room is 
advantageous as the crowd is evenly distributed in 
the room. The evacuation leads to congestion at the 
exit. The resulting high densities of people at the exit 
have a negative impact on the epidemiological situa-
tion. Therefore, the number of infections heavily in-
creases at the end of the evacuation.  
Comparing the epidemiological situation in the fur-
nished room with its empty counterpart, there is ini-
tially a greater increase of infections caused by 
higher densities of people accumulating between the 
tables. Yet the furniture has a beneficial impact at the 
end of the evacuation as people move more slowly 
between tables. Thus, congestion at the exit is less 
pronounced, resulting in a lower number of infections 
during the evacuation. 
 
 
Literature: 

[1] R. Axthelm, “Finite Element Simulation of a Macroscopic Model 
for Pedestrian Flow”, Traffic and Granular Flow ’15, Springer, 2015. 
[2] W. Kermack and A. McKendrick, “A contribution to the mathemat-
ical theory of epidemics”, Proc. R. Soc. Lond., 1927. 

 

Figure 1: The software pFlow simulates pedestrian flow (e.g. the
evacuation of a floor in an educational facility). The results are cou-
pled with an epidemiological model. 

Figure 2: Number of infections during an evacuation of an empty 
room compared to the same room filled with tables.   
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 ThermoPlaner3D – Detailed Building Energy Evaluation from Large-
Area 3D Thermography 

ThermoPlaner3D develops large-scale, detailed 3D building energy assessments from multi-per-
spective thermographic images, creating a new quantitative planning basis as well as a market-
ing tool for energy utilities. 

Contributors: M. Battaglia, E. Comi, M. Bonmarin, E. Knapp 
Partner(s): FHNW, Considerate AG, BSF Swissphoto AG 
Funding: Innosuisse 
Duration: 2021–2023 

The decarbonization of heating systems is a central 
challenge for the housing industry. The Ther-
moPlaner3D project is developing an innovative 
product that enables energy supply companies to 
support the energy transition in buildings and profit 
from it at the same time. 
The ThermoPlaner3D project provides the necessary 
quantitative basis for investment decisions with large-
scale, detailed 3D building energy assessments from 
multi-perspective thermographic images. Utility com-
panies may use this information to plan new, sustain-
able heating solutions and minimize risks. In addition, 
it offers their existing and new customers the possi-
bility to evaluate the current state of their own prop-
erty with an explained, interactive 3D building energy 
model, to specify it with their own knowledge and to 
investigate renovation potentials and future savings. 
Today, statistics, consumption data and evaluations 
of individual buildings are taken for the same pur-
pose, which are often only incompletely available. In 
a thermal analysis, often only the heat radiation of the 
roofs or the facades is examined. 
With SWG, the energy supply company of Grenchen, 
a pilot customer is involved for feedback. Ther-
moPlaner3D will be commercialized by a joint ven-
ture of Considerate AG (engineering energy technol-
ogy) with BSF Swissphoto AG (airborne geodata ac-
quisition).

The research partners FHNW (geodata analysis/vis-
ualization) and ZHAW (thermography sensor tech-
nology, building energy modelling) are developing 
validated, modular and automated evaluation pro-
cesses for large-scale multiperspectival 3D thermog-
raphy data in combination RGB, near-infrared (NIR) 
and laser beam (LiDAR) images, the integration of 
the results into 3D building energy models as well as 
suitable interactive visualizations for the utility com-
panies and their customers. 
The data will be collected by means of aerial photog-
raphy with several cameras at an altitude of about 
1 km. Precise georeferencing allows the available 
data sets to be combined for a temperature correction 
of the building material and environmental properties. 
In general, poorly insulated building envelopes ap-
pear warmer than buildings with a better insulation 
standard. Figure 2 shows a Minergie-certified single-
family home with a relatively cool roof compared to 
its neighbouring buildings.  
  

Figure 1: Combination of the RGB, LiDAR and thermal data into a 3D 
visualization of roof temperatures. Figure 2: Compared to its neighbours, the Minergie

house has a cooler roof and thus loses less heat to the 
environment. 
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 3D Architectural Plans Made Accessible for Building Simulation 

The construction industry is changing rapidly due to digitalization. Whereas in the past archi-
tect's plans were drawn exclusively in 2D, with modern design tools 3D plans are developed and 
additional information is captured digitally. In principle, a lot of data material is available that can 
also be used for building simulation. However, the problem is that the data structures are often 
unsuitable for simulation. On the one hand, the level of detail of the plans is too high, and on the 
other hand, rooms and walls are not recognizable for automatic further processing. In this pre-
liminary study, a workflow for Building Information Modeling was developed  

Contributors: A. Witzig, C. Tello 
Partner(s): S. Dilhas, Abstract AG 
Funding: Innosuisse 
Duration: 2021–2022

Digitization has forced the construction industry to 
make a real paradigm shift only in recent years. For 
a long time, 2D plans were sufficient even for more 
complex construction projects, and only in the last 2-
3 years has there been a switch to a true 3D planning 
methodology. While software tools had supported 3D 
planning for quite some time, a rethink is currently 
taking place and 3D data structures are being built 
and maintained from design through rough to de-
tailed planning. With Building Information Modeling 
(BIM), material parameters and data for future use 
are now also being recorded. 
Based on the technology from Abstract AG [1], the 
aim is to make the simulations accessible to the var-
ious players in the BIM process and to support the 
new methodology with the aim of making the pro-
cesses run more smoothly and improving the quality 
of the planning process. Primarily, the focus is on 
technologies to improve thermal protection (e.g. to 
show energy saving potential, to evaluate variants re-
garding primary energy demand, etc.), but the results 
can be extended to other simulation-based decision 
support tools (e.g. acoustics, optimization of pedes-
trian flows, proof of discharge, etc.). 
In this preliminary study, the current intersections 
were tested and it may be stated that AbstractBIM 
currently succeeds well in simplifying the BIM plans 
and improving the structure of the data. It remains a 
communication task, so that when the BIM plans are 
created for the first time, the additional requirements 
that are currently still necessary are known and im-
plemented. 
In the project it was shown exemplarily how starting 
from real BIM data in IFC format a simplified geome-
try can be created, which is accessible for a simula-
tion with the finite element method (FEM) using the 
software Comsol Multiphysics [2]. This complements 
the examples already offered by AbstractBIM for the 
subsequent use of the IDA ICT simulation software 
[3]. The new method has the potential to allow a sim-
pler approach to energy than the approach taken in 
today's software tools and standards (e.g. SIA 

380/1). On the one hand, this increases the compu-
tational effort. On the other hand, this approach has 
the advantage that the calculation methodology is 
much easier to understand. The approximations in-
troduced in the past to keep the computational effort 
small make the simulation methodology much more 
complicated and are reserved for a specifically 
trained group of experts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.: From the architectural plan to building simulation. In the upper 
left section, the architectural plan is shown, with small-scale details 
of the windows. In the middle section, the simplified building 
structure is shown, as it results from the Abstract-BIM portal. In the 
bottom right are the simulation results, where the colors represent 
the temperature from yellow = 22°C (heated rooms) to red =18°C 
(unheated rooms) to purple = 4°C (outside temperature). The 
simulation was performed in Comsol Multiphysics and includes the 
radiation equilibrium between the interior walls, a compact model for 
convection and heat conduction in the building structure. 

 
References: 

[1] Abstract AG, Online service AbstractBIM, www.abstractbim.com 
[2] Equa SA, Simulation Tool IDA ICE, www.equa.se/ida-ice  
[3] Comsol Multiphysics, www.comsol.com  
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 Room Climate Optimization from the Digital Twin 

For large office buildings, managing building information is a major challenge. All information 
comes together in the digital twin. In the joint project with Leicom AG and ZHAW, it is being 
demonstrated how the combination of this information generates added value in various use 
cases. This sub-project is specifically concerned with optimizing heating, ventilation and cooling 
based on the information from room temperature sensors and the status in the energy center. 
The aim is to ensure indoor comfort at all times and to save energy. 

Contributors: A. Witzig, M. Battaglia, C. Tello Fachin 
Partner(s): Leicom AG, ZHAW: InES, ZPP, IFM 
Funding: Innosuisse 
Duration: 2021–2023 

 

 
Fig. 1: 3D representation of the office building studied in this project.   

 
Based on the information from the digital twin, a fast 
algorithm is developed for intelligent monitoring of the 
indoor climate and HVAC system. The algorithm runs 
on a server and uses configuration data in the instal-
lation process and real-time measurement data dur-
ing operation as input. The proposed method is ro-
bust in the sense that it can handle incomplete data 
both during setup and during operation. Missing data 
is filled in by applying a full-scale building simulation 
and optimized using weather data and statistical user 
behavior (ensemble modeling).  
In the current research project, a two-level model hi-
erarchy is being established: a computationally inten-
sive model simulates the indoor climate in detail, and 
a compact model runs in operation as an integral part 
of the digital twin. 
The project bridges the gap between the technology 
of the Internet of Things (IoT) and the requirements 
of facility management, which must receive added 
value from the digital twin in day-to-day business. 
With its eliona platform, industry partner Leicom AG 
is already a driving force in digitization in the building 
sector.  

 

 
Fig. 2: IoT data in the dashboard of the digital twin. In addition to 
monitoring comfort, the project also records additional parameters 
such as room occupancy or brightness. 
 

Source 

https://www.leicom.ch/smart-building/ 

Temperature 21.5°C

Humidity 39.6%

 

Humidity / % 

Room Temperature / °C 
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 Digital Twin II: Live Data in the Mivune Building Cloud 

A multitude of sensors collects immense amounts of data worldwide; only a fraction of it is cur-
rently analyzed. The Mivune Building IoT Platform aggregates this data, provides detailed moni-
toring and enables remote access to the building control. This is referred to as the digital twin, 
which is already established in other application areas (such as aircraft maintenance, repair and 
overhaul). In building technology, various players are looking for profitable fields of application 
for the digital twin. The industry is in transition and digital services will become prevalent in 
future workflows. In the project, the use case building doctor was examined more closely on the 
basis of a concrete system and a proposal for the integration of simulation results was devel-
oped. 

Contributors: A. Witzig, F. Leuppi, T. Söndergaard 
Partner(s): A. Horni, D. Charypar, Mivune AG 
Funding: Innosuisse 
Duration: 2021–2022 

In this project, the focus was first placed on Building 
Information Modeling (BIM) in the context of a larger 
consortium and the integration of data streams from 
the Internet of Things (IoT) into the development pro-
cess was investigated. The Mivune Building Cloud is 
intended as a platform for collecting and visualizing 
measured data. Important applications are the inves-
tigation of whether the energy performance of a build-
ing system actually reaches the good values from the 
planning (performance gap analysis) and the early 
detection of defective devices (automatic anomaly 
detection).  
In a next step, the integration of simulation in the 
Building Cloud was investigated and used specifically 
for a housing estate with an advanced energy con-
cept that was completed in 2017. Specifically, use 
cases were looked at that arise during the operation 
of a facility. The time series determined by the in-
stalled sensors can be conveniently displayed in the 
Mivune Building Cloud, which is not self-evident 
given the amount of data (high resolution over long 
periods of time).  
The seamless direct comparison of different meas-
urement data, as well as the display of weather data 
or valve positions in the same graph are also essen-
tial for the analysis. A reference simulation was set 
up, which correctly represents the heat network and 
is available for the analysis in addition to the meas-
ured data. The simulation has the potential to analyze 
open questions that arise from the measurement 
curves. In the numerical calculation, for example, in-
formation can be added for system variables that are 
not covered by the installed sensors. Different simu-
lation approaches were compared and tested for suit-
ability for integration into the Mivune Building Cloud. 
In a prototype phase, this merging of the analysis 
methods does not have to be fully automated by soft-
ware technology; even a description of the concrete 
approach and the identification of the questions to 

which a combined use of simulation and measure-
ment data can provide promising answers is a useful 
contribution for the implementation in practice.  
To be able to use the sensor data effectively and ef-
ficiently, it is advantageous if the entire process, start-
ing with the planning (already for the first time with 
the use of simulation tools) through the monitoring of 
the construction process up to the commissioning, is 
supported continuously. In this way, the existing data 
from Building Information Modeling (BIM) flows into 
the system at an early stage and can then also be 
used in the operating phase without any additional 
effort.  

   
 
Fig. 1: Display of measurement data in the Mivune Building Cloud. 
With "drag&drop", temperature points at different heights can be dis-
played in a technical storage tank. It can be seen how a predefined 
target temperature is always maintained in the upper area of the 
storage tank, while lower water temperatures are also possible in the 
lower layers of the storage tank.   

 
References:  

Mivune AG, BuildingCloud, https://mivune.com/buildingcloud.html  
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 Digital Twin III: Measurement Technology in Cloud Applications 

The ICP Thermolab has been continuously expanded in recent years and now offers comprehen-
sive analysis options for building energy systems. One of the specialties of the ICP Termolab is 
that the measurement technology is usually supported by simulations. In addition, in many 
cases it is worthwhile to systematically store the data in a cloud application – often referred to 
as a digital twin. This can be useful for further processing of the data and, for example, enable 
remote access for maintenance work or the application of digitally supported analysis methods. 

Contributors: A. Witzig, F. Leuppi, T. Hocker, D. Kempf, S Ehrat 
Partner(s): Naef Energietechnik AG, Mivune AG, GreenTEG AG 
Funding: Innosuisse 
Duration: 2020–2022

The ICP Thermolab covers a large variety of of tem-
perature sensors and general thermal analysis equip-
ment. In addition, the laboratory has now been ex-
tended with systems for measuring heat flow in pipe-
lines or heat transport in walls and windows. Further-
more, comprehensive investigation facilities for de-
termining the moisture content in air and in building 
materials have been established.  
While in the past mainly industrial applications were 
addressed, the focus has now been widened and 
also covers building energy systems. In close coop-
eration with practitioners, current research questions 
cover the optimization of control strategies, the de-
velopment and improvement of products, and the 
comprehensive analysis of the building physics in 
specific construction projects. 
Measurements with modern sensor technology are 
by nature a hardware topic. In the context of the dig-
ital twin, a connection to the Internet and suitable 
data processing is another prerequisite in order to 
provide a useful application. Finally – and this is a 
specialty of the ICP Thermolab – a direct link is cre-
ated to the simulation of physical processes. In most 
cases, several coupled physical effects must be un-
derstood and taken into account in the measurement 
setup. For example, the heat transfer coefficient (of-
ten called U-value in the building sector) depends on 
the moisture content of the building materials. Con-
sequently, in addition to the heat transport and heat 
storage capacity of the walls, the water content and 
moisture transport are also of interest in a detailed 
investigation. Often, the system boundaries are also 
at issue: In most cases, the immediate surroundings 
of the sensor system have to be included in the anal-
ysis. The temporal course also plays a significant 
role: What effect does it have if the sun shines on the 
outer wall during a U-value measurement? How can 
the concrete structure of a building be used to opti-
mize comfort and reduce primary energy consump-
tion? How can underfloor heating contribute to the re-
generation of geothermal probes?  
The combination between measurement technology 
and physics simulation often requires a model reduc-
tion on the side of numerical analysis. Thus, the 

amount of data and the complexity of the measure-
ment system can be reduced.  
 

Fig. 1: Measuring system for deter-
mining the heat transfer coefficient 
(U-value). The installation was car-
ried out for test purposes on the TK 
building on the campus of the 
School of Engineering of the 
ZHAW. The figure shows a temper-
ature measurement on the outer 
wall. It is important to note that wall 
surface temperature and air tem-
perature are recorded separately.  

 
Fig. 2: On the inside of the wall, in the heated zone of the building, 
surface temperature and air temperature are also measured. In ad-
dition, the heat flow and air humidity are recorded. The data is trans-
mitted wirelessly to a server via a base station and processed in a 
cloud application 
 
 

 
 
Fig. 3: The ultrasonic flowmeter determines the velocity of heating 
water in a pipe, without having to cut any it open. Together with two 
temperature measuring points, it is then possible to determine the 
heat flow transported from one part of the system to another. 
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 Comparison Between Convection and Radiant Heating in Relation 
to Moisture in a Brick Wall with EPS Insulation. 

When assessing comfort, humidity plays a decisive role in addition to room temperature. In this 
work, the influence of two heating systems on the moisture content in the walls is investigated. 

Collaborators: F. Leuppi, A. Witzig 
Partner(s): ZIM Netzwerk Klimaneutraler Gebäudebestand 
Funding: Bachelor’s Thesis 
Duration: 2021–2022

As part of a bachelor’s thesis [1], a brick wall with 
EPS insulation was built for experimental purposes. 
Two heating systems were then compared, a radiant 
heating system (1kW infrared heating panel) and a 
convection heating system (1kW fan heater). The aim 
was to investigate the difference of the two heating 
systems on the moisture content of the wall. 

 
Figure: Seven sensors record the moisture content and temperature 
inside the wall. Sensors 1-5 are placed in brick; sensors 6-7 in the 
EPS insulation. During one week convection heating was used, dur-
ing the rest of the time radiant heating was used with different bound-
ary conditions. 
 

Seven Almemo FHAD 46-C2 humidity sensors from 
Ahlborn [2] were used for the measurement, five of 
which were installed in the brick and two in the EPS 
insulation. Inside the wall, there is a small cavity 
around the sensors, where it is assumed that the tem-
perature and air humidity will adapt to the surround-
ing material over a short period of time. The humidity 

behavior inside the wall was then investigated under 
three conditions. Heating of the room with a convec-
tion heating (fan heater with 1000 W) and a radiant 
heating (infrared heater with 1000 W), as well as spo-
radic opening of the laboratory room for different pe-
riods of time.  
As can be seen in the Figure, the convection heating 
is not able to heat the wall as much as the radiant 
heating, which can be explained by the geometry of 
the arrangement. The room and the wall were already 
tempered with the radiant heating before 10.12.2021, 
which is why the air temperature curves start from a 
higher level. The radiant heating changes the tem-
perature in the front layers (brick side) more than 
against the rear, colder layers (EPS insulation), 
which is why the difference from inside to outside in-
creases from Δϑmax-min = 3.4 °C to 7.8 °C. The relative 
humidity inside the wall remains at a constant level 
with convection heating and decreases when radiant 
heating is used with the room closed. As soon as the 
outside air reaches the wall, the moisture content 
rises again. Over the entire series of measurements, 
it can be seen that the moisture content inside the 
wall decreases with the use of the radiant heating. A 
more in-depth research work should now clarify the 
hypothesis whether the drying out of the walls by ra-
diant heating leads to a better U-value and how this 
effect has to be taken into account in the planning 
process for renovations and new buildings. 
  
 
Sources 

[1] Natalie Stalder and Fabian Leuppi: Energiesimulation im BIM-
Kontext. ZHAW School of Engineering 
Bachelor Thesis 2021   
[2] ALMEMO. Digital sensor for humidity, temperature, air pressure 
FHAD 46-Cx (Link).  
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 Support Lean Building Technology with Simulation 

A new concept for building renovations that has already been successfully implemented several 
times gets by with less building technology and has proven to achieve better results than reno-
vations with the current state of the art. Simulations will be used to increase confidence in the 
new concept and pave the way for broad communication.  

Contributors: A. Witzig, C. Tello 
Partner(s): B. Kegel, Kegel Klimasysteme; M. Mettler, Mettiss AG.  
Funding: Innosuisse 
Duration: 2021–2022   

The Swiss building stock consumes about 100TWh 
per year, or about 45% of Switzerland's final energy 
demand. Through ongoing renovations, a massive 
energy improvement is achieved and an important 
part of the energy transition is realized. In order to 
achieve the goals of the Swiss energy strategy, the 
renovation rate must be increased. In addition to in-
centive programs and legal framework conditions, 
the public sector is also becoming active as a builder 
and is pushing corresponding renovation projects. 
From a scientific point of view, however, it must be 
pointed out today that the current state of the art in 
energy refurbishment falls far short of the potential 
savings. The current standards favor solutions with 
excessive use of building technology, they contain 
large safety margins and are designed for outdated 
analog planning processes. If renovations are carried 
out now across the board, the current construction 
phase will be judged a major failure in just 10 years.  
Fortunately, the standards allow for better solutions, 
whereby proof of the efficiency gains achieved must 
be provided in the planning phase. Individual com-
mercial and residential buildings that have been ren-
ovated in an exemplary manner prove that better re-
sults can be achieved. The energy savings there 
have been concretely verified and confirmed on the 
basis of measurements. In particular, the concept 
presented in [1] - we will subsequently call it the lean 
building technology concept - relies on minimalist 
building services, the consistent use of operational 
waste heat and the exploitation of thermal dynamics 
in the load-bearing building structures [2].  
In our preliminary study, based on physical simula-
tions, we have shown how the savings occur com-
pared to the current standards. The advantages of 
lean building technology and the functioning of the 
concept can only be shown with the corresponding 
time-domain simulation. Unfortunately, these effects 
are not yet represented in sufficient detail in the cur-
rently available planning tools.  
The lean building technology concept not only offers 
energy savings. Due to the reduction of the building 
services installation (heating pipes, ventilation ducts, 
data lines, etc.) provided for in the concept, the refur-
bishment can even be carried out much more cost-
effectively and with massively reduced material costs 

(gray energy!). The established players in the con-
struction industry meet this approach with skepticism, 
since according to the SIA fee calculation [7] a 
smaller remuneration of the specialist planners re-
sults and additional risks arise with an innovative con-
cept. Even the providers of the current simulation 
tools see too few incentives, since the demand for the 
new features is still small. Their software products are 
currently financed to a greater extent by mapping the 
standards and less by the actual verification.  
Currently, few property owners recognize the oppor-
tunities presented by the new approach: 
1. Cost savings for refurbishment and shorter con-

version times 
2. Annual cost savings throughout the future oper-

ating period 
3. Significantly better life cycle assessment; very 

large energy savings over the entire operating 
time 

The simulations carried out at the ICP support the ar-
gumentation in the educational work that is needed 
at the moment. Together with the effectively realized 
refurbishments and the validation by measurement, 
this can hopefully help the superior solutions to 
achieve a breakthrough.   

 
Figure: Ventilation system and interior insulation in the concept of 
lean building technology.  
 

References: 
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6 Building Simulation 
Building simulation had its first academic heyday some years ago. Many relevant issues, such as air 
exchange through windows driven by free convection or wind [1-3] or heat and moisture transport 
through walls [4,5], have been solved. Solar energy utilization or unintentional overheating due to solar 
radiation is also well understood [6,7]. Corresponding computer simulations have been validated with 
measurements, the results have been published scientifically, and the methods and solutions have been 
described in detail.  

These results have led to some simulation pro-
grams specifically for building applications [8-
12]. For other tasks, established universal nu-
merical solvers have been used or extended 
[13-16], or CAD programs, which are well es-
tablished in the construction industry, have 
been extended to provide the corresponding 
functionality.  

However, all these capabilities have not 
gained significant influence in the construction 
sector yet. In real-world construction projects, 
simulation studies are often included in the of-
fer as an optional extra and are regularly chal-
lenged and taken out in savings rounds. In the 
corresponding projects, dedicated engineer-
ing services are offered and discussed with 
the client and recommendations for decisions 
are offered. Thus, the full potential of building 
simulation is often not yet exploited.  

For the past few years, the construction industry has been strongly influenced by two megatrends: 

1) Climate change: Due to the challenges posed by the necessary energy transition, it is essential 
that buildings are optimized with regards to their energy demand and that the building shell is utilized 
to harvest solar energy and environmental heat. Numerical simulation can be used in the planning 
phase to quantify how much renewable energy can be gained during operation. It can show how 
this energy can first be used to cover the building's own consumption and then – if the local energy 
balance is positive – how it can be fed into an external energy network. The simulation also contrib-
utes insight into the important topic of energy storage. The benefit of the simulation is the optimiza-
tion of the energy systems at the planning stage and the ability to positively influence planning de-
cisions in terms of their environmental impact.  

2) Digitalization: In recent years a new wave of digitalization has swept through the construction in-
dustry. This has paved the way for building simulation to be widely used. Many subsystems that 
were not previously connected to the digital world now communicate with a central server. We un-
derstand the digital twin as a heterogeneous collection of measurement and simulation data that 
provides the basis for (digital) services that benefit the planning, construction and operation of the 
building. 

The new importance of the energy issues and the aspiration to incorporate digital planning in all aspects 
of the building sector are paving the way for the increased use of physical simulation. As a university of 
applied sciences, we are ideally positioned to bring building simulation close to construction projects 
and to put algorithms known in the academic world into an applied context that creates real-life benefits. 

𝜗/°𝐶 

Figure: Temperature distribution 𝜗 𝑟  on the wall surfaces of a building 
section with a floor slab as a thermal bridge ISO 10211:207 test case 3). 
Example form the Comsol-database [14].  
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A major challenge lies in creating algorithms for the industry which do not require highly qualified per-
sonnel to run the simulations, as is currently the case. Highly qualified personnel should only be required 
in extraordinary cases. 

Sensors and measuring systems 

For several reasons, measurement technology is key to the successful application of numerical algo-
rithms in the construction sector: 

 Validation of the models 
 Supplementation of unknown material data 
 Determination of effective material parameters for simulations with model reduction 
 Determination of initial data for predictive simulation 

20 years ago, the Institute of Computational Physics originated from the project team Numerical Model-
ing of Sensor and Actuator Systems and has always maintained its connection to sensor technology. In 
the newly established Thermolab, measuring devices for the building sector and the required know-how 
are now also maintained. The available devices include specific measuring systems for determining the 
U-value of walls (heat flow sensor + temperature sensors) [17], energy transport in pipelines (ultrasonic 
flow meter + temperature sensors) [18] or moisture content in building components [19]. 

Digital twin 

With the rise of the Internet of Things (IoT), the number of sensors that continuously collect and transmit 
data to a central repository is growing. Various players see value in combining this information, main-
taining these data and marketing them as a digital twin. Simulations have already proven their worth by 
supplementing missing measurement points, analyzing scenarios, and interpreting data [20]. With our 
numerical algorithms we contribute to the digital twin and the generated benefits. 

The important role of moisture in internal spaces and in walls 

In addition to room temperature, humidity plays a decisive role in the assessment of room comfort. 
Humidity also plays an important role in the analysis of energy conversion inside the building since latent 
heat stored inside walls and in the air has a significant effect on the energy balances. Thus, the classical 
multiphysics topic of heat and moisture transport becomes highly important: Heat and moisture transport 
in the building are influenced by each other and are represented numerically as closely coupled physical 
processes. Extensive simulations do not have to be repeated for every analysis, but the effects must be 
taken into account when defining the use cases. This allows an educated selection of boundary condi-
tions and value ranges which lead to valid predictions. 

Increased energy efficiency through consideration of diurnal dynamics 

Statistical considerations lead to a reduction in model complexity. Consequently, the U-value has be-
come established in building technology as an important measure for the thermal permeability of the 
building shell. Unfortunately, however, the model is too simple, since buildings in our latitudes usually 
have a thermal time constant that is in the order of magnitude of the diurnal temperature fluctuations. 
The phase shift between the outdoor temperature, the heating up / cooling off of the building mass, and 
the indoor temperature can be productively used in an intelligent heating control system. In some real-
life renovations it was shown [21] that consideration of the daily dynamics allowed energy efficient con-
struction using less materials. This approach can be described as lean building technology. It has been 
shown that multiple gains can be realized by using well-coordinated measures: 

 Heating energy is saved in the cold season, cooling energy in the warm season 
 Reduction of costs for provision and distribution of heating/cooling power 
 Reduction of gray energy 
 Reduced construction times 
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 Increased comfort and reduced tenant complaints, as the building's inertia provides natural tem-
perature equalization 

However, consideration of temporal dynamics already in the planning process will take some time. Some 
currently used rules of thumb will have to be replaced, others will retain their validity. The new concepts 
must be incorporated into education and training. A methodology must be designed that is as simple as 
calculating U-values, potentially supported by digital tools. Skepticism about an adapted design process 
may also come from stakeholders who benefit financially from today's established code. The evidence 
that building services equipment and insulation material can be saved already suggests which branch 
of the industry will be among the opponents of lean building services. 

Conclusion and outlook 

The new thematic focus area of building technology at the Institute of Computational Physics builds a 
bridge between academically oriented building simulation and applications in concrete renovation and 
new construction projects. We take guidance from what is physically feasible and expect, based on 
experience, that this will result in buildings that are significantly better from an ecological point of view 
compared to the current minimum standard, which is laid down in cantonal legislation and standards. It 
is important to validate the results from our simulations using measurements and to convince the build-
ing sector of the possible benefits. The good news is that less material will be used, construction projects 
will be more cost-effective and operating costs will decrease. The extra effort lies in the engineering as 
changes will happen in the processes. We are happy to provide support and, in our role as a university 
of applied sciences, we see our priorities in the transfer of know-how, in scientific support and ultimately 
in helping to get innovative new approaches accepted. 

 

Andreas Witzig Winterthur, May 2022 

 

https://www.zhaw.ch/en/engineering/institutes‐centres/icp‐institute‐of‐computational‐phys‐

ics/building 

 

Referenzen 

[1] N. Rajaratnam, Turbulent Jets, Elsevier 1976 
[2] P. Heiselberg, K. Svidt, P. Nielsen, Characteristics of airflow from open windows, Building and 

Environment 36, pp. 859-869, 2001 
[3] A. Anthony, T. Verma, Numerical Analysis of Natural Convection in a Heated Room and its Im-

plication on Thermal Comfort, Journal of Thermal Engineering, vol. 7, no. 1, pp. 37.53, 2021 
[4] H. Künzel, Simultaneous Heat and Moisture Transport in Building Components One- and two-

dimensional calculation using simple parameters. Doctoral dissertation. 1995 
[5] F. Antretter, F. Sauer, T. Schöpfer, A. Holm A, 2011 Validation of a hygrothermal whole building 

simulation software. Fraunhofer-Institut für Bauphysik, Holzkirchen , Germany Ashrae Stand. 
14–6 

[6] J. Duffie, W. Beckmann, Solar Engineering of Thermal Processes, John Wiley,1st ed. 1980, 2nd 
ed. 1991 

[7] S. Stevanovic, Optimization of Passive Solar Design Strategies: A Review, Renewavle and Sus-
tainable Energy Reviews, vol. 25, pp. 177.196, 2013 

[8] Transol as a commercial interface to the TRNSYS engine, provided by the company Aiguasol in 
Barcelona, Spain, https://aiguasol.coop/design-of-solar-thermal-systems-with-transol/  

[9] DesignBuilder as a commercial interface to the Energy-Plus engine, provided by the company 
DesignBuilder Ltd in Gloucestershire, UK, https://designbuilder.co.uk/software/product-overview  

[10] Polysun provided by Vela Solaris in Winterthur, Switzerland, https://www.velasolaris.com/soft-
ware/polysun-designer/  

[11] IDA ICE provided by Equa Simulation AB in Stockholm, Sweden, https://www.equa.se/ida-ice   



Research Report 2022  Institute of Computational Physics 

Zurich University of Applied Sciences 40 www.zhaw.ch 

[12] WUFI provided by the Fraunhofer Institut für Bauphysik (IBP) in Stuttgart, Germany,  
https://wufi.de/de/software/wufi-pro/  

[13] Carnot Toolbox for Matlab, provided by the Solar-Institut Jülich, https://www.fh-aachen.de/for-
schung/solar-institut-juelich/carnot 

[14] Comsol Multiphysics provided by Comsol AB in Sweden, https://www.comsol.com   
[15] Fluent by Ansys, https://www.ansys.com/products/fluids/ansys-fluent  
[16] OpenFoam provided by the world wide open source community which is managed by 

OpenCFD, Bracknell, UK, https://www.openfoam.com/documentation/overview 
[17] U-Value Kit by greenTEG AG in Rümlang, Switzerland https://www.greenteg.com/cases/u-

value-insulation/  
[18] Wärmemengenzähler bestehend aus Clamp-On Durchflussmessung und Temperatursensoren. 

www.molline.de.  
[19] Almemo, digitaler Fühler für Luftfeuchte, Temperatur, Luftdruck FHAD 46-Cx. http://www.ahl-

born.com/download/pdfs/kap08/fhad46d.pdf  
[20] F. Hengel et. al., Building Model Calibration Methods for Building Operation Applications, in the 

proceedings of BauSIM 2020, http://www.ibpsa.org/bausim-2020/  
[21] B. Kegel, Von der Energieschleuder zum Passivhaus, Prix Watt d’Or 2021 des Schweizer Bun-

desamtes für Energie, https://kegel-klimasysteme.ch/wp-content/uploads/2021/06/Poster-Pro-
jekt-Rosenbergstrasse.pdf  

 



Research Report 2022  Institute of Computational Physics 

Zurich University of Applied Sciences 41 www.zhaw.ch 

Appendix 
A.1 Student Projects 
M. AUER, Development of a terahertz reflection system, Betreuerin: M. Jazbinsek, Vertiefungsarbeit 2 
im Masterstudiengang. 

M. AUER, Characterization of semiconductors with ultra-broadband THz time-domain spectroscopy and 
imaging, Betreuerin: M. Jazbinsek, Vertiefungsarbeit 1 im Masterstudiengang. 

L. BAPTISTA, M. WÜEST, Transdermal Bilirubin Measurement - Optical Setup and Hardware Develop-
ment, Betreuer: F. Spano, M. Bonmarin, D. Fehr, Projektpartner: SpectraPad GmbH, Bachelorarbeit in 
Systemtechnik. 

B. BENDER, Y. MEIER, Long high-precision opto-mechanical delay line for spectroscopy applications, Be-
treuende: M. Jazbinsek, U. Puc, Bachelorarbeit in Maschinentechnik.  

R. BERTSCHINGER, L. MEIER, Web-community basierte Datenbank zum Austausch von Materialdaten für 
die OLED-Entwicklung, Betreuer: B. Ruhstaller, B. Seeliger, Projektpartner: Fluxim AG, Bachelorarbeit 
in Informatik. 

R. BERTSCHINGER, L. MEIER, Design einer Datenbank-Applikation für OLED Simulation, Betreuer: 
B. Ruhstaller, B. Seeliger, Projektpartner: Fluxim AG, Projektarbeit in Informatik. 

A. BOSSHART, R. HEFTI, Real-time emulation of electrically interfaced mechanical resonators, Betreuer: 
F. Spano, M. Bonmarin, D. Fehr, Projektpartner: Rheonics AG, Bachelorarbeit in Elektrotechnik. 

A. BOSSHART, R. HEFTI, Hochsensitiver berührungsloser Berührungssensor, Betreuer: F. Spano, 
M. Bonmarin, D. Fehr, Projektpartner: Rieter AG, Projektarbeit in Elektrotechnik. 

S. DELBARI, Introduction to & Computational Performance Analysis of CoatSim: A Simulation Software 
for Powder Coating Applications, Betreuer: G. Boiger, Vertiefungsarbeit 2 im Masterstudiengang. 

I. HÄUSLER, D. PAPARO, Development of a New Thermotherapy Device for the Treatment of Cutaneous 
Leishmaniasis, Betreuer: F. Spano, M. Bonmarin, D. Fehr, Projektpartner: DNDi Drug for Neglected Dis-
eases initiative, Bachelorarbeit in Systemtechnik. 

I. HÄUSLER, D. PAPARO, Development of a New Thermotherapy Device for the Treatment of Cutaneous 
Leishmaniasis, Betreuer: M. Bonmarin, D. Fehr, Projektpartner: DNDi Drug for Neglected Diseases ini-
tiative, Projektarbeit in Systemtechnik. 

J. HIRSBRUNNER, M. ZOLLER, Development of a point of care device to measure ammonia in blood - 
Electronic and Software implementation, Betreuer: F. Spano, M. Bonmarin, D. Fehr, Bachelorarbeit in 
Elektrotechnik. 

J.-P. KUNTZER, Aerodynamic database of the JAXA Hayabusa capsule, Betreuer: G. Boiger, Vertie-
fungsarbeit 1 im Masterstudiengang. 

G. MANFIOLETTI, Thermisches Design des Akkumulatorcontainers für einen Formula Student Elekt-
rorennwagen, Betreuer: T. Hocker, Projektarbeit in Maschinentechnik. 

Y. MEIER, Entwicklung eines neuartigen Prozessventils, Betreuer: G. Boiger, M. Boldrini, Projektpartner: 
Peter Meyer AG, Projektarbeit in Maschinentechnik. 

J. MICHEL RIVERO, Automated test system for Cloud-based Computational Fluid Dynamics (CFD) simu-
lations, Betreuer: G. Boiger, Vertiefungsarbeit 2 im Masterstudiengang. 

A. NUREDINI, Berechnung der Leistungsaufnahme von OLED Bildschirmen / Calculation of OLED Dis-
play Power Consumption, Betreuer: C. Kirsch, R. Ruhstaller, Projektpartner: Fluxim AG, Bachelorarbeit 
in Energie- und Umwelttechnik. 
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A. NUREDINI, Vergleich von simulierten mit realen Energieerträgen an neuartigen Solarzellen, Betreuer: 
B. Ruhstaller, H. Nussbaumer, Projektpartner: Fluxim AG, Projektarbeit in Energie- und Umwelttechnik. 

N. OERTLE, Entwicklung eines neuartigen Magnetventils, Betreuer: G. Boiger, Projektarbeit in Maschi-
nentechnik. 

P. PREISIG, J. ZWICKY, Development of a sensitive optical detection system for the measurement of am-
monia in blood - System engineering, Betreuer: F. Spano, M. Bonmarin, D. Fehr, Projektpartner: Ver-
santis AG, Bachelorarbeit in Systemtechnik. 

P. PREISIG, J. ZWICKY, Development of a New Point of Care Device for the Measurement of Ammonia 
Concentration in Blood, Betreuer: M. Bonmarin, D. Fehr, F. Spano, Projektpartner: Versantis AG, Pro-
jektarbeit in Systemtechnik. 

C. RUPPERT, Detection and Classification of Lesions in Breast Ultrasound using a Deep Convolutional 
Neural Network, Betreuer: M. Bonmarin, Projektpartner: b-rayZ, Masterarbeit. 

A. SCHMID, T. WEHRMÜLLER, Transdermal Bilirubin Measurement - Electronic and Software Develop-
ment, Betreuer: F. Spano, M. Bonmarin, D. Fehr, Projektpartner: SpectralPad GmbH, Bachelorarbeit in 
Elektrotechnik. 

A. SCHMID, T. WEHRMÜLLER, Non Contact Quantitative Assessment of Sweat Glands Activity - Develop-
ment of a New Prototype, Betreuer: M. Bonmarin, D. Fehr, F. Spano, Projektpartner: University of Cin-
cinnati, College of Engineering and Applied Science, Projektarbeit in Elektrotechnik. 

T. SÖNDERGAARD, Simulationsmethodik für nachhaltige Gebiets- und Arealentwicklung mit Sektorkopp-
lung, Betreuer: A. Witzig, Bachelorarbeit in Energie- und Umwelttechnik. 

T. SÖNDERGAARD, Vorlagen für nachhaltige Gebiets- und Arealentwicklung mit Sektorkopplung, Be-
treuer: A. Witzig, Projektarbeit in Energie- und Umwelttechnik. 

J. STOLL, Physikalische 3D-Simulationen von Heissluftballonfahrten basierend auf realen Wetterdaten, 
Betreuer: T. Hocker, Masterarbeit. 

M. YASSIN, Regulatory requirements to manufacture medical devices in a University-lab setting, Be-
treuer: M. Bonmarin, Vertiefungsarbeit 1 im Masterstudiengang. 

D. VAN OERLE, Simulationsbasierte Aerodynamische Optimierung von Flugobjekten, Betreuer: G. Boi-
ger, Projektpartner: Kaleidosim Technologies AG, Bachelorarbeit in Maschinentechnik. 

D. VAN OERLE, Cloud-Based Simulation for Aerodynamic Characterization of Futuristic Spaceships un-
der Atmospheric Conditions, Betreuer: G. Boiger, Projektpartner: Kaleidosim Technologies AG, Projek-
tarbeit in Maschinentechnik. 

 

 

A.2 Scientific Publications 
S. BABITY, F. COUTURE, E. V. R. CAMPOS, S. HEDTRICH, R. HAGEN, D. FEHR, M. BONMARIN, D. BRAM-

BILLA, A naked eye-invisible ratiometric fluorescent microneedle tattoo for real-time monitoring of in-
flammatory skin conditions, Advanced Healthcare Materials, S. e2102070, 2021, DOI: 
10.1002/adhm.202102070. 

M. BONMARIN, S. LÄUCHLI, A. NAVARINI, Augmented and virtual reality in dermatology : where do we 
stand and what comes next?, 2(1), S. 1–7, 2022, DOI: 10.3390/dermato2010001. 

M. BONMARIN, L. STEINMETZ, F. SPANO, C. GEERS, Using lock-in thermography to investigate stimuli-re-
sponsive nanoparticles in complex environments, IEEE Instrumentation & Measurement Magazine, 
24(4), S. 3–10, 2021, DOI: 10.1109/MIM.2021.9448265.  
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B. BÖSCH, D. FEHR, R. ROSSI, M. BONMARIN, L. BOESEL, F. SPANO, Optical tactile skin: development of 
an optical electronic skin for pressure sensing applications [Paper], In: Progress in Biomedical Photon-
ics, The yearly meeting of the Biomedical Photonics Network 2021, 9 December 2021. 

X.-K. CHEN, D. QIAN, Y. WANG, T. KIRCHARTZ, W. TRESS, et al., A unified description of non-radiative 
voltage losses in organic solar cells, Nature Energy, 6(8), S. 799–806, 2021, DOI: 10.1038/s41560-021-
00843-4. 

Z. CHEN, J. WANG, H. JIN, J. YANG, Q. BAO, Z. MA, W. TRESS, Z. TANG, An underestimated photoactive 
area in organic solar cells based on a ZnO interlayer, Journal of Materials Chemistry C, 9(35), S. 11753–
11760, 2021, DOI: 10.1039/D1TC00745A. 

E. COMI, E. KNAPP, W. WEIDMANN, C. KIRSCH, S. JENATSCH, R. HIESTAND, B. RUHSTALLER, Sinusoidal 
small-signal (AC) and steady-state (DC) analysis of large-area solar cells, Solar Energy Advances, 
1(100003), 2021, DOI: 10.1016/j.seja.2021.100003. 

A. DREXELIUS, D. FEHR, V. VERSCOLI, J. HEIKENFELD, M. BONMARIN, A simple non-contact optical method 
to quantify in-vivo sweat gland activity and pulsation, IEEE Transactions on Biomedical Engineering, 
2022, DOI: 10.1109/TBME.2022.3151938. 

A. DREXELIUS, D. FEHR, V. VESCOLI, J. HEIKENFELD, M. BONMARIN, Investigating sweat glands activity us-
ing thermal imaging and computational modelling [Paper], In: Progress in Biomedical Photonics, The 
yearly meeting of the Biomedical Photonics Network 2021, 9 December 2021. 

F. EBADI GARJAN, B. YANG, Y. KIM, R. MOHAMMADPOUR, N. TAGHAVINIA, A. HAGFELDT, W. Tress, When 
photoluminescence, electroluminescence, and open-circuit voltage diverge: light soaking and halide 
segregation in perovskite solar cells, Journal of Material Chemistry A, 9(24), S. 13967–13978, 2021, 
DOI: 10.1039/D1TA02878B. 

D. FEHR, R. SASSENBURG, J. BLUNSCHI, A. LAY-EKUAKILLE, A. MASSARO, M. BONMARIN, F. SPANO, A ca-
pacitive color-changing electronic skin for touch sensing applications [Paper], In: Proceedings of the 
International Symposium on Medical Measurements and Applications, 2021 IEEE International Sympo-
sium on Medical Measurements and Applications (MeMeA), Lausanne, Switzerland, 23–25 June 2021, 
DOI: 10.1109/MeMeA52024.2021.9478674. 

V. N. GORSHKOV, V. V. TERESHCHUK, O. V. BEREZNYKOV, A. S. FALLAH, Dynamics of quasi-one-dimen-
sional structures under roughening transition stimulated by external irradiation, Nanomaterials, 12(9), 
S. 1411, 2022, DOI: 10.3390/nano12091411. 

V. GORSHKOV, P. SAREH, N. NAVADEH, V. TERESHCHUK, A. SOLEIMAN FALLAH, Multi-resonator metamate-
rials as multi-band metastructures, Materials & Design, 202(109522), 2021, DOI: 
10.1016/j.matdes.2021.109522. 

T. J. JACOBSSON, A. HULTQUIST, A. GARCÍA-FERNÁNDEZ, A. ANAND, A. AL-ASHOURI, W. TRESS, et al., An 
open-access database and analysis tool for perovskite solar cells based on the FAIR data principles, 
Nature Energy, 2021, DOI: 10.1038/s41560-021-00941-3. 

L. KELLER, 3D pore microstructures and computer simulation: effective permeabilities and capillary pres-
sure during drainage in Opalinus Clay, Oil & Gas Science and Technology – Revue d’IFP Energies 
nouvelles, 76(44), 2021, DOI: 10.2516/ogst/2021027. 

J. KIM, Y. C. PARK, J. H. SEOK, M. JAZBINSEK, O. P. KWON, Solid-State Molecular Motions in Organic 
THz Generators, Advanced Optical Materials 9, 2001521, 2021, DOI: 10.1002/adom.202001521. 

M. KIM, J. JEONG, H. LU, T. K. LEE, W. TRESS, et al., Conformal quantum dot-SnO2 layers as electron 
transporters for efficient perovskite solar cells, Sience, 375(6578), S. 302–306, 2022, DOI: 10.1126/sci-
ence.abh1885. 
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C. KIRSCH, D. FEHR, S. BABITY, A. POLOMSKA, M. DETMAR, M. BONMARIN, D. BRAMBILLA, Development of 
a diffusion-weighed mathematical model for intradermal drainage quantification, 12(4), S. 897–905, 
DOI: 10.1007/s13346-021-01114-1. 

E. KNAPP, M. BATTAGLIA, T. STADELMANN, S. JENATSCH, B. RUHSTALLER, XGBoost trained on synthetic 
data to extract material parameters of organic semiconductors [Paper], In: Proceedings of the 8th 
SDS,8th Swiss Conference on Data Science, Lucerne, Switzerland, 9 June 2021, DOI: 
10.1109/SDS51136.2021.00015. 

N. K. KUMAWAT, W. TRESS, F. GAO, Mobile ions determine the luminescence yield of perovskite light-
emitting diodes under pulsed operation, Nature Communications, 12(4899), 2021, DOI: 
10.1038/s41467-021-25016-5. 

M. KÜTTINGER, R. RIASSE, J. WLODARCZYK, P. FISCHER, J. TÜBKE, Improvement of safe bromine electro-
lytes and their cell performance in H2/Br2 flow batteries caused by tuning the bromine complexation 
equilibrium, Journal of Power Sources, 520(230804), 2022, DOI: 10.1016/j.jpowsour.2021.230804. 

M. KÜTTINGER, R. BRUNETAUD, J. K. WŁODARCZYK, P. FISCHER, J: TÜBKE, Cycle behaviour of hydrogen 
bromine redox flow battery cells with bromine complexing agents, Journal of Power Sources, 
495(229820), 2021, DOI: 10.1016/j.jpowsour.2021.229820. 

M. KÜTTINGER, J. K. WLODARCZYK, D. DAUBNER, P. FISCHER, J. TÜBKE, High energy density electrolytes 
for H2/Br2 redox flow batteries, their polybromide composition and influence on battery cycling limits, 
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C. MALNATI, D. FEHR, F. SPANO, M. BONMARIN, Modeling stratum corneum swelling for the optimization 
of electrode-based skin hydration sensors, 21(12), S. 3986, 2021, DOI: 10.3390/s21123986. 
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P. KWON, High-density organic electro-optic crystals for ultra-broadband THz spectroscopy, Advanced 
Optical Materials, 9(17), S. 2100618, 2021, DOI: 10.1002/adom.202100618. 
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R. WICK-JOLIAT, S. MAUCHLE, R. KONTIC, S. EHRAT, T. HOCKER, D. PENNER, MoSi2/Al2O3/feldspar com-
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A.3 Book Chapters 

D. BRUNNER, G. K. BOIGER, H. KHAWAJA, Investigation of torsional vibration using weak FSI capabilities, 
In: M. Moatamedi, T. Rahulan, H. Khawaja, Hrsg., Multiphysics Simulations in Automotive and Aero-
space Applications, Academic Press, S. 65–91, 2021, DOI: 10.1016/B978-0-12-817899-7.00007-1. 

C. PICKHARDT, H. U. FUCHS, E. DUMONT, K. HÜGEL, A. WITZIG, Modellieren, Visualisieren und die Simu-
lation dynamischer Systeme als Seamless Learning: ein Beitrag zu diesem Prozess aus der Praxis am 
Beispiel eines Mathematikmoduls, In: B. Dilger, J. Erlemann, C. Müller Werder, C. Rapp, Hrsg., Seam-
less Learning, Wiesbaden: Springer, S. 35–63, 2022, DOI: 10.1007/978-3-658-34698-0_2. 

Y. SAFA, A. SOLEIMAN FALLAH, M. MOATAMEDI, Multiphysics of wind turbines in extreme loading condi-
tions, Academic Press, 2022.  

W. TRESS, Physics of perovskite solar cells: efficiency, open-circuit voltage, and recombination, In: 
T. Miyasaka, Hrsg., Perovskite Photovoltaics and Optoelectronics: From Fundamentals to Advanced 
Applications, Weinheim: Wiley, S. 127–172, 2022, DOI: 10.1002/9783527826391.ch5. 

W. TRESS, Hysteresis in J–V characteristics, In: H. Fujiwara, Hrsg., Hybrid Perovskite Solar Cells: Char-
acteristics and Operation, Weiheim: Wiley, S. 429–461, 2021, DOI: 10.1002/9783527825851.ch16. 

A. WITZIG, Einzelprojekt “Wellen”, In: B. Dilger, J. Erlemann, C. Müller Werder, C. Rapp, Hrsg., Seam-
less Learning, Wiesbaden: Springer, S. 93–121, 2022, DOI: 10.1007/978-3-658-34698-0_4. 

 

 

A.4 Conferences and Workshops 

G. K. BOIGER, A unified approach on teaching and modelling 1D dynamic Multiphysics systems, 
NAFEMS World Congress 2021, Salzburg, online, 25–29 October 2021. 

G. K. BOIGER, D. SHARMAN, D. DREW, KaleidoSim: massive simultaneous cloud computing for mul-
tiphysics simulations, International Conference of Multiphysics, online, 9–10 December 2021. 

G. K. BOIGER, D. SHARMAN, B. SIYAHHAN, V. LIENHARD, M. BOLDRINI, D. DREW, A massive simultaneous 
cloud computing platform for OpenFOAM, 9th OpenFOAM Conference, online, 19–20 October 2021. 

F. EBADI GARJAN, B. YANG, W. TRESS, In-Operando PL measurements on perovskite solar cells with and 
without phase-segregation, EU PVSEC 2021, online, 6–10 September 2021. 

R. HERRENDÖRFER, M. COCHET, P. BOILLAT, J. SCHUMACHER, 3-D simulation of heat and water transport 
in PEFCs during evaporative cooling and humidification, EFCF 2021 Low-Temperature Electrolysers, 
Fuel Cells & H2 Processing, online, 29 June–2 July 2021 

P. MARMET, L. HOLZER, T. HOCKER, G. K. BOIGER, J. HILDEN, S. REEB, M. FINGERLE, Generation of virtual 
three-phase structures based on Gaussian random fields: an important option for Digital Materials De-
sign of solid oxide fuel cell electrodes, 10. GeoDict User Meeting, online, 4.–8. Oktober 2021. 

G. MOUROUGA, E. BAUDRIN, M. COURTY, T. J. SCHMIDT, J. SCHUMACHER, Towards rigorous thermody-
namics in aqueous flow batteries: measuring activity coefficients with differential scanning calorimetry, 
ModVal 17: 17th Symposium on Modeling and Experimental Validation of Electrochemical Energy Tech-
nologies, online, 20–22 April 2021. 

R. P. SCHÄRER, J. WLODARCZYK, J. SCHUMACHER, Towards multiscale modelling of porous electrodes: 
connecting the meso- to the macroscopic scale, Applied Mathematics and Simulation for Semiconduc-
tors and Electrochemical Systems (AMaSiS), online, 6–9 September 2021. 

B. SIYAHHAN, G. K. BOIGER, A semi-automated Multiphysics simulation software for process design in 
the powder coating industry, International Conference of Multiphysics, online, 9–10 December 2021. 
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B. SIYAHHAN, G. K. BOIGER, Development of a dynamic Eulerian-Lagrangian particle OpenFOAM solver 
for the simulation of powder coating processes, 9th OpenFOAM Conference, online, 19–20 October 
2021. 

W. TRESS, Characterizing perovskite solar cells and LEDs, ICAMD21, online, 6–9 December 2021.  

W. TRESS, Physics of perovskite optoelectronic devices, nanoGe Fall Meeting, online, 18–22 October 
2021. 

W. TRESS, Perovskite solar cells, XVII encuentro de fisica, Quito, Ecuador, online, 25–29 October 2021. 

W. TRESS, The various effects of ion migration on perovskite devices, HOPV21, online, 24–28 May, 
2021. 

J. K. WLODARCZYK, N. BALTES, A. FRIEDRICH, J. SCHUMACHER, Thermodynamics and diffusional mass 
transport problems in concentrated electrolytes: an application in H2/Br2 redox flow battery modeling, 
17th Symposium on Modeling and Experimental Validation of Electrochemical Energy Technologies 
(MODVAL 17), online, 20–22 April 2021. 

 

 

A.5 Teaching 
T. BERGMANN, T. HOCKER, Thermische Energiesysteme für Maschinentechnik und Energie- und Um-
welttechnik, Vorlesung, FS22, Bachelor of Science. 

D. BERNHARDSGRÜTTER, Analysis 2 für Aviatik und Verkehrssysteme, Vorlesung und Praktikum, FS22, 
Bachelor of Science.  

D. BERNHARDSGRÜTTER, Lineare Algebra 2 für Elektrotechnik und Systemtechnik, Vorlesung, FS22, Ba-
chelor of Science.  

D. BERNHARDSGRÜTTER, Analysis 1 für Aviatik und Verkehrssysteme, Vorlesung und Praktikum, HS21, 
Bachelor of Science.  

D. BERNHARDSGRÜTTER, Lineare Algebra 1 für Elektrotechnik und Systemtechnik, Vorlesung, HS21, Ba-
chelor of Science.  

G. BOIGER, Fluid- und Thermodynamik 1 für Maschinentechnik und Energie- und Umwelttechnik, Vorle-
sung und Praktikum, FS22, Bachelor of Science.  

G. BOIGER, TSM Two Phase Flow / Heat- and Mass Transfer, FS22, Master of Science in Engineering. 

G. BOIGER, EVA OpenFoam II - Thermo-Fluid-Dynamic Model Development using OpenFoam, FS22, 
Master of Science in Engineering. 

G. BOIGER, TSM Advanced Thermodynamics, HS21, Master of Science in Engineering. 

G. BOIGER, EVA OpenFoam I - Thermo-Fluid-Dynamic Model Development using OpenFoam, HS21, 
Master of Science in Engineering. 

M. BONMARIN, Höhere Mathematik 2 für Informatiker, Vorlesung und Praktikum, FS22, Bachelor of Sci-
ence.  

M. BONMARIN, Physik 2 für Systemtechnik, Vorlesung und Praktikum, FS22, Bachelor of Science.  

M. BONMARIN, D. FEHR, F. SPANO, Thermal Devices in Medicine für Systemtechnik, Vorlesung und Prak-
tikum, FS22, Bachelor of Science.  

M. BONMARIN, Höhere Mathematik für Informatiker 1, Vorlesung und Praktikum, HS21, Bachelor of Sci-
ence. 

M. BONMARIN, Physik 1 für Systemtechnik, Vorlesung und Praktikum, HS21, Bachelor of Science.  
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D. FEHR, Grundlagen der Elektrotechnik und Digitaltechnik für Informatik, Praktikum, HS21, Bachelor of 
Science.  

T. HOCKER, Aviation Projects 2 für Aviatik, Praktikum, FS22, Bachelor of Science. 

T. HOCKER, Physik 2 für Aviatik, Vorlesung und Praktikum, FS22, Bachelor of Science. 

T. HOCKER, Aviation Projects 1 für Aviatik, Praktikum, HS21, Bachelor of Science. 

T. HOCKER, Physik 1 für Aviatik, Vorlesung und Praktikum, HS21, Bachelor of Science. 

M. JAZBINSEK, Physik 2 für Maschinentechnik und Energie- und Umwelttechnik, Vorlesung und Prakti-
kum, FS22, Bachelor of Science.  

M. JAZBINSEK, Physik 1 für Maschinentechnik und Energie- und Umwelttechnik, Vorlesung und Prakti-
kum, HS21, Bachelor of Science.  

C. KIRSCH, Analysis 2 für Systemtechnik, Vorlesung und Praktikum, FS22, Bachelor of Science. 

C. KIRSCH, Numerik für Systemtechnik, Vorlesung und Praktikum, FS22, Bachelor of Science. 

C. KIRSCH, Analysis 1 für Systemtechnik, Vorlesung und Praktikum HS21, Bachelor of Science.  

C. KIRSCH, Analysis 3 für Systemtechnik, Vorlesung und Praktikum, HS21, Bachelor of Science.  

E. KNAPP, Numerik für Aviatik, Vorlesung und Praktikum, FS22, Bachelor of Science. 

K. PERNSTICH, Grundlagenprojekt 2 für Verkehrssysteme, Praktikum, FS22, Bachelor of Science. 

K. PERNSTICH, Physik 2 für Aviatik und Verkehrssysteme, Vorlesung und Praktikum, FS22, Bachelor of 
Science. 

K. PERNSTICH, Grundlagenprojekt 1 für Verkehrssysteme, Praktikum, HS21, Bachelor of Science. 

K. PERNSTICH, Physik 1 für Aviatik und Verkehrssysteme, Vorlesung und Praktikum, HS21, Bachelor of 
Science. 

M. ROOS, Höhere Mathematik 2 für Informatiker, Vorlesung und Praktikum, FS22, Bachelor of Science. 

M. ROOS, Numerik für Elektrotechnik und Systemtechnik, Vorlesung und Praktikum, FS22, Bachelor of 
Science. 

M. ROOS, FTP_Tensors, FS22, Master of Science in Engineering. 

M. ROOS, Höhere Mathematik für Informatiker 1, Vorlesung und Praktikum, HS21, Bachelor of Science. 

M. ROOS, Scientific Computing für Informatik, Vorlesung und Praktikum, HS21, Bachelor of Science. 

B. RUHSTALLER, Advanced Thin Films, FS22, Master of Science in Engineering. 

B. RUHSTALLER, Applied Photonics, HS21, Master of Science in Engineering. 

B. RUHSTALLER, EVA Introductory Optics for Photonics, HS21, Master of Science in Engineering. 

M. SCHMID, Analysis 2 für Data Science und Wirtschaftsingenieurwesen, Vorlesung und Praktikum, 
FS22, Bachelor of Science. 

M. SCHMID, Lineare Algebra 2 für Systemtechnik, Vorlesung, FS22, Bachelor of Science. 

M. SCHMID, Analysis 1 für Data Science und Wirtschaftsingenieurwesen, Vorlesung und Praktikum, 
HS21, Bachelor of Science. 

M. SCHMID, Analysis 3 für Systemtechnik, Vorlesung und Praktikum, HS21, Bachelor of Science. 

M. SCHMID, Lineare Algebra 1 für Systemtechnik, Vorlesung, HS21, Bachelor of Science. 

J. SCHUMACHER, Lineare Algebra 2 für Systemtechnik, Vorlesung, FS22, Bachelor of Science. 

J. SCHUMACHER, Multiphysics Modelling and Simulation, FS22, Master of Science in Engineering. 
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J. SCHUMACHER, Lineare Algebra 1 für Systemtechnik, Vorlesung, HS21, Bachelor of Science. 

W. TRESS, Physik 2 für Energie- und Umwelttechnik, Vorlesung und Praktikum, FS22, Bachelor of Sci-
ence. 

W. TRESS, Physik 1 für Maschinentechnik und Energie- und Umwelttechnik, Vorlesung und Praktikum, 
HS21, Bachelor of Science. 

A. WITZIG, Physik 3 für Systemtechnik, Vorlesung und Praktikum, FS22, Bachelor of Science. 

A. WITZIG, Physik Engines für Informatik, Vorlesung, FS22, Bachelor of Science. 

A. WITZIG, Sektorkopplung für Maschinentechnik und Energie- und Umwelttechnik, FS22, Bachelor of 
Science. 

A. WITZIG, Physik 3 für Verkehrssysteme, Vorlesung und Praktikum, HS21, Bachelor of Science. 

 

 

A.6 ICP Spin-Off Companies 

 

  www.nmtec.ch 
Numerical Modelling GmbH works in the field of Computer Aided Engineering (CAE) and offers services and simu-
lation tools for small and medium enterprises. Our core competence is knowledge transfer where we bridge the gap 
between scientific know-how and its application in the industry. With our knowledge from physics, chemistry and 
the engineering sciences we are able to support your product development cycle and to conform to your time and 
budget constraints. We often create so-called customer specific CAE tools in which the scientific knowledge re-
quired for your product is embedded. In this form, it is easily deployed within your R&D department and supports 
actual projects as well as improving the skills of your staff. Ask for our individual consulting service which covers all 
areas of scientific knowledge transfer without obligation. 
 
 

  www.fluxim.com 
Fluxim is a provider of device simulation software and measurement hardware to the display, lighting and photovol-
taics community worldwide. Our principal activity is the development and the marketing of the simulation software 
packages Setfos and Laoss, as well as the measurement platform Paios, Phelos and Litos. The combination of 
simulation software with measurement data allows for the determination of material and device parameters. The 
R&D tools are used worldwide in industrial and academic research labs for the development of devices and semi-
conducting materials with improved performance as well as the study of device physics. 
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  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 measurements and works with all types of coating and substrate materials. Our meas-
urement 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 nanoparticles in all kinds 
of products. The company won the Fribourg Innovation Award in 2018. 
 
 
 

     www.zarawind.com 
Zarawind is a startup based in Winterthur, Switzerland, which is involved in the development of a wind energy 
turbine suspended in the air. The goal of the company is to develop renewable energy sources that are still unused 
today. Zarawind's technology aims to produce renewable and cost-effective electricity from high altitude, strong and 
consistent wind power. This can be achieved by a rotor that is lifted to several hundred meters above ground by an 
aerostat. Wind power is a strong, constantly available energy source. The Zarawind concept ensures continuous 
operation and prevents noise problems, flickering light reflections and bird collisions. It is also suitable for off-grid 
regions and produces electricity at low cost.  
 

  www.reorbis.ch 

Reorbis GmbH, based in Winterthur, Switzerland, aims to provide services for the manufacturing industry in the 
form of life cycle analysis (LCA). In the aluminum industry there is great interest in LCA due to a new standard 
(Aluminum Stewardship Initiative, ASI). The offer is directed first and foremost towards achieving certification to the 
ASI standard. The recycling management is applied to other raw materials besides aluminum. 
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A.7 ICP Team 
 

Name Function Email 
   
Michael Auer Research Assistant auei@zhaw.ch 
Andreas Bachmann Research Associate bacr@zhaw.ch 
Mattia Battaglia Research Associate batg@zhaw.ch 
David Bernhardsgrütter Research Associate bens@zhaw.ch 
Prof. Dr. Gernot Boiger Lecturer boig@zhaw.ch 
Marlon Boldrini Research Associate bolm@zhaw.ch 
Prof. Dr. Mathias Bonmarin Lecturer bmat@zhaw.ch 
Vincent Buff Research Assistant buff@zhaw.ch 
Ennio Comi Research Assistant comi@zhaw.ch 
Dr. Firouzeh Ebadi Garjan Research Associate ebad@zhaw.ch 
Sandro Ehrat Research Assistant ehrd@zhaw.ch 
Daniel Fehr Research Associate fehd@zhaw.ch 
Dr.Max Frioud Research Associate friu@zhaw.ch 
Raphael Hagen Research Assistant hagp@zhaw.ch 
Prof. Dr. Thomas Hocker Lecturer hoto@zhaw.ch 
Dr. Lorenz Holzer Research Associate holz@zhaw.ch 
Marco Hostettler Reserach Associate hose@zhaw.ch 
Dr. Mojca Jazbinsek Lecturer jazb@zhaw.ch 
Dr. Lukas Keller Research Associate kelu@zhaw.ch 
David Kempf Research Assistant kemf@zhaw.ch 
Dr. Christoph Kirsch Lecturer kirs@zhaw.ch 
Dr. Gabriela Kissling Research Associate kisi@zhaw.ch 
Dr. Evelyne Knapp Lecturer hube@zhaw.ch 
Fabian Leuppi Research Assistant leui@zhaw.ch 
Viktor Lienhard Research Associate lied@zhaw.ch 
Philip Marmet Research Assistant mame@zhaw.ch 
Jhimy Michel Rivero Research Assistant micr@zhaw.ch 
Mahdi Mohammadi Research Assistant mohd@zhaw.ch 
Dr. Kurt Pernstich Lecturer pern@zhaw.ch 
Dr. Uros Puc Research Associate pucu@zhaw.ch 
Dr. Markus Regnat Research Associate rega@zhaw.ch 
Prof. Dr. Markus Roos Lecturer roor@zhaw.ch 
Prof. Dr. Beat Ruhstaller Lecturer ruhb@zhaw.ch 
Dr. Amit Sachan Research Associate sach@zhaw.ch 
Dr. Yasser Safa Research Associate safa@zhaw.ch 
Dr. Guido Sartoris Research Associate srts@zhaw.ch 
Dr. Roman Schärer Research Associate scsl@zhaw.ch 
Andreas Schiller Research Assistant scdr@zhaw.ch 
Dr. Matthias Schmid Lecturer scmi@zhaw.ch 
Alain Schubiger Research Associate scug@zhaw.ch 
Prof. Dr. Jürgen Schumacher Lecturer schm@zhaw.ch 
Darren Sharman Research Associate shaa@zhaw.ch 
Bercan Siyahhan Research Assistant siya@zhaw.ch 
Dr. Fabrizio Spano Research Associate span@zhaw.ch 
Jessica Stoll Research Assistant stlj@zhaw.ch 
Camilo Tello Fachin Research Assistant telo@zhaw.ch 
Miguel Torre Research Assistant torc@zhaw.ch 
Dr. Wolfgang Tress Lecturer trew@zhaw.ch 
Prof. Dr. Andreas Witzig Lecturer, Head ICP wita@zhaw.ch 
Jakub Wlodarczyk Research Assistant wlod@zhaw.ch 
Oliver Zbinden Research Assistant zbio@zhaw.ch 
Dr. Simon Züfle Research Associate zufe@zhaw.ch 
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A.8 Location 
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Computational Physics 
Technikumstrasse 71 
PO Box 
CH-8401 Winterthur 

www.zhaw.ch/icp 
 
Contact 

Andreas Witzig 
Phone +41 58 934 45 73 
andreas.witzig@zhaw.ch 
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