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Radana Leistner Kratochvil
interview

REFRESH will enable the most extensive.
research to date in excluded Iocalities‘—



ntegrating

experts into

existing teams IS
¥o key step that

~ drives us forward.



Dear REFRESH friends,

We are excited to share the latest edition of our newsletter highlighting the pro-
gress achieved by the REFRESH project. Our efforts demonstrate that integrat-
ing cutting-edge research, fostering industrial collaboration, and nurturing young
talent are essential for transforming our region and tackling global challenges.

From the outset of the project, we have prioritized the participation of excellent
researchers from around the world who contribute fresh perspectives and exper-
tise to our teams. We proudly announce that 30 outstanding researchers have
joined the project, which is more than three times our initial target. We have wel-
comed 120 professionals to universities in our region, making up 40 percent of all
researchers involved in the project. This achievement represents more than just
a figure—it signifies a notable transformation that is enriching not only our teams
but also the region as a whole.

Integrating these experts into existing teams is a key step that drives us forward.
Nearly half of our publications are now collaboratively created with these new
team members. Echoing Vaclav Snasel, Rector of VSB-TUO, who stated that ,the
sustainability of a project begins with its acquisition,” we are diligently striving to
excel in major international grant competitions. The new staff members are al-
ready responsible for a third of the recently secured European grants.

Although we officially received project funding this past February, we have already
progressed more than a third of the way through implementation. We seized the
opportunity to assess our progress during a recent gathering in Celadna. Along-
side representatives from the Ministry of the Environment, the Confederation of
Industry, the management of the Moravian-Silesian Region, and the Statutory
City of Ostrava, we reviewed the results to date. The discussion highlighted how
crucial is the complementarity of the living laboratories, which gradually compose
a complete picture of our project.

The recently acquired infrastructure is also an important pillar of REFRESH.
Advanced equipment, including X-ray photoelectron spectroscopy, scanning
electron microscopy, and an antenna anechoic chamber, enables us to attain

outstanding results and paves the way for enhanced collaboration with both aca-
demic and industrial partners.

Alongside our commitment to scientific and technological innovation, we prior-
itize the needs of our local community. Social research focused on marginalized
areas, as well as former miners and steelworkers, provides valuable insights into
employment, identity, and sustainable development issues. These studies hold
equal importance to our technology initiatives, as they connect science with re-
al-world social challenges.

In this issue, you will find highlights of our accomplishments, such as the devel-
opment of single-atom engineered antibiotics and nanorobots designed for wa-
ter purification, as well as the introduction of new initiatives aimed at fostering
a green and digital future. We hope this newsletter will inspire you and bring a
better understanding of our efforts.

We appreciate your support and enthusiasm for REFRESH and look forward to
taking further steps together. Have a great read.

Kind regards,
On behalf of the REFRESH project team,
Igor Ivan
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A high success rate in attracting top researchers ‘both domestically and
internationally and high-quality outputs across various stages oPTech—
nology Readiness ?_evel (TRL), i.e. from excellent basic researghﬂo close
partnerships with industry. These benefits emerged the most from the
presentations of the REFRESH results to date at the retreat in Celadné,
which was attended not only by academics but also b'y representatives of
partner institutions, including the Ministry of the Environment (MoE) of
the Czech Republic. The MoE oversees the Operational Programme Just
Transition which has provided a grant of CZK 2.5 billion for the largest
project to date at VSB-TUO.

-
The scientific directors of the four living laboratories presented selected
outcomes from the project’s initial third, outlining their planned invest-
ments and upcoming tasks. Their presentations revealed that the com-
plementary nature of the laboratories is allowing the various aspects of
the project’s results to come together effectively.

,From the perspective of someone working in the industry on a daily ba-
sis, | greatly value the opportunity to bridge the gap between science,
industrial realities, and students. | am confident that this connection will
lead to achieving the project’s objectives,” concluded Katefina Kupkova,
a member of the REFRESH Board of Directors and Vice President of the
Confederation of Industry of the Czech Republic.




Computer scientist Vaclav Snésel received a
master’s degree in numerical mathematics

from the Faculty of Science at Palacky Univer-*

sityin Olomouc and a PhD in algebra and num-

ber theory from Masaryk University in Brno. ; L
He completed his habilitation and attained a
professorship at VSB-Technical University of -
Ostrava, where he has served as Rector since

2017. From 2001 to 2009, he worked as a re-
searcher at the Institute of Computer Science

of the Czech Academy of Sciences (CAS), and »

in 2010-2017 as the_ Dean of the Faculty of
Electrical Engineering and Computer Science

at VSB-TUO. He is currently a full professor at

the same faculty. b K

. His research is shaped by over 30 years of experience in both |nd%
demia. He primarily focuses on the application of artlﬁc1al ntelllgéﬁce tecl
including neural networks, deep learning, optlmlza
retrieval. Within the REFRESH project, he is v
motive Lab, where he heads the Smart Man
According to Web of Science,his h-index stand
ar: 53). Prdfessor Snasel has supervised 47 PhD
abroad. Over the past five years, he has delivere:
on In-Memory Computing Architectures for Big
plications in Vietnam. He also serves on the steerin |
University Association (EUA) and the Research and
(RISG). e W




| Seyedali Mirjalili

Professor Seyedali Mirjalili, one of the most
internationally recognized and highly cited
experts in artificial intelligence, has joined the
REFRESH project team. In the Industry 4.0
& Automotive Living Lab, he plans to employ
machine learning and optimization techniques
while working with his colleagues from the
Faculty of Electrical Engineering and Comput-
er Science at VSB-TUQ. His research focuses
on areas such as optimization, swarm intelli-
gence, evolutionary algorithms, and machine
learning. Renowned as one of Australia’s lead-
ing researchers in bio-inspired optimization
algorithms, his w. is utilized by specialists
- y at VSB-TUO and will be further developed

. = . through the REFRESH project.
e 2 L

. In 2019, Seyedali Mirjalili founded the Centre for Artificial Intelligence Research
- and Optimization. He is cur_ren'tly‘a professor of artificial intelligence at Torrens
Un'iveréity' Australia. He is internationally recognized for his advances in optimiza-

1 and swarm intelligence, including the first set of algorithms from a synthetic.

nce standppint.— a radical departure from the traditional understanding
| systems - and a systematic design framework for reliably evaluating and
ng computatlonally inexpensive robust optlmlzatlon algorithms. He has
‘ ore than 600 papers and his h-index stands at 110. He has repeated-
ureéd in lists of the world’s most cited scientists, and in 2021 The Australian
Australia’s top researcher in three areas: artificial intelligence, evolu-
mputation, and fuzzy systems.

Viktor Pal

Born in Borsod, Hungary, Viktor Pal has lived
and worked in Finland since 2003. He pur-
sued his studies at the University of Tampere
and later worked at the University of Helsinki.
He has studied in Austria, Belgium, Russia, the
USA and the UK.
-

Professor Viktor Pél is a senior researcher at
the Centre for Economic and Social History
at the Department of History of the Faculty
of Arts, University of Ost_rava. His REFRESH -
Social Lab project investigates the economic,
social, technological, and environmental his-
tory of Central and Eastern Europe, placing

S particular e.m;‘)hasis on industrial regions. He
also serves as the principal investigator for the GA CR project titled An Environ-

mental History of Transboundary Rivers in Cold War East-Central Europe, which
involves a collaborative team of Czech, Hungarian, Polish, and Slovak researchers
examining pollution and regulation issues related to the Oder and Danube rivers.
Furthermore, he is one of the editors of the book series Environmental History
in Central and Eastern Europe pub‘lished by Central European University Press.

In line with the University of Ostrava’s initiatives to globalize research and edu-
cation, his team is striving to establish an internationally relevant center for inter-
disciplinary history.



Flah Aymen

The renowned researcher specializing in elec-
tric vehicles, renewable energy, and energy
management is a significant asset to the En-
ergy Lab within the REFRESH project. His re-
search primarily focuses on energy efficiency
and sustainable technologies, contributing to
the development of intelligent energy solu-
tions that merge renewable energy sources
with contem'porary electrical systems.

Associate Professor Aymen received his PhD
in 2012 from the National School of Engineer-
ing of Gabes in Tunisia, where he currently

heads the Electrical Engineering Department.
He collaborates with various research teams
worldwide, including those in India, Algeria, IRAQ, Morroco, Pakistan, Saudi
Arabia, and Jordan, and is actively engaged in research related to photovoltaics,
wind, and geothermal energy. He also serves on the editorial boards of several
international journals, including the International Journal of Powertrains, Scien-
tific Reports,-Hindawi, and Plos One: He has been a permanent member of the
organizing committee for international conferences such as ISAECT since 2018.
He is the author of 155 publications that have received more than 1500 citations.

Yazhou. Zhou

Yazhou Zhou obtained his master's dégree in
materials engineering from Jiangsu University
in Zhenjiang, China, in 2013. He completed his
PhD by the end of 2015 in the group of Pro-
fessor Xiaonong Cheng at Jiangsu Wniversity,
and partly in the group of Professor Yuehe Lin
at Washington State University (WSU), USA,
specializing in developing innovative func-

such as electrocatalysts, photocatalysts, and
biomaterials. Following this, he worked at
Jiangsu University before taking up a position
as a visiting postdoctoral fellow at the Max
Planck Institute for Polymer Research (MPI-P)
in Weimar. Since July 2020, he has served as
the administrative project leader in the Department of Synthetic Chemistry at
MPI-P and operates as an independent researcher in the field of materials sci-
ence. His research primarily focuses on electrocatalysts 'and hydrogen energy
devices. He aims to design and synthesize catalysts that do not rely on precious
metals, such as heteroatom carbon materials and single-atom catalysts, while
also seeking to deepen the understanding of the relationship between the struc-
ture, electrocatalytic activity, and applications of these electrocataly's‘ts. In this

tional nanomaterials for diverse applications .

domain, he is going to enhance the research efforts within the Energy Lab of the .

REFRESH Project.

- .Zhou has authored over 80 papers in esteemed journals, including Nature Com-

munications, Journal of the American Chemical Society, Angewandte Chemie,
Advanced Materials, Advanced Energy Materials, Advanced Functional Materi-
als, and ACS Energy Letters, amassing over 2,900 citations. According to Web of
Science, his_h—index stands at 31.



Dawn R. Norris

Dawn R. Norris received her master’s and doc-
toral degrees in sociology from the University
of Maryland College Park, where she studied
from 2005 to 2012, Previously, she served as a
full professor in the Department of Sociology
at the University of Wisconsin-La Crosse.

Dawn R. Norris specializes in teaching and
researching the intersections of identity, age,
work, and mental health. Her notable publi-
cation, Job Loss, Identity, and Mental Healh
(Rutgers University Press, 2016), explores-how.
" unemployment can undermine identity and
negatively impact mental well-being. L

In 2023, she was a Fulbright Scholar at Charles University, focuéing on L‘em—.
ployment and mental health issues arﬁong the non-manual workforce, while ex-
amining the effects of the social changes following 1989 and dif'féring views on
work. She has also published numerous academic atticles and book chapters'm
peer-reviewed journals. -

y)
Currently, she is a senior researcher at the University of Ostrava, where she is
participating in the REFRESH project. Her current rese.ar@ !ithin this @roject
centers on individuals who worked in the steel and coal®industries in,Ostrava, ir?
vestigating their experience of employment and ursmployment, asQeII as th

° ° ® )

connection between their identities and work.






The Operational Programme Just Transition, which has provided the REFRESH
project with CZK 2.5 billion in funding, is a newly established programme for
the 2021-2027 period. It aims to mitigate the adverse effects of the transition
away from coal in the regions most affected. In the Czech Republic, this in-
cludes not only the Moravian-Silesian Region but also the Karlovy Vary and Usti

Regions. We spoke to Radana Leistner Kratochvilova, Director of the Department

in refining their projects and spreading informa-
tion throughout the area. It can also build on
local universities that draw in new students and
researchers, advancing research and develop-
ing new technologies. This is evident in the suc-
cess of the REFRESH project.

What level of advantage does having mul-
tiple universities provide to the Moravi-

an-Sil Region, especially in contrast to
the Karlovy Vary Region, which lacks a uni-

of Support for a Low-Carbon Economy Transition at the Ministry of the Environ- versity?

ment of the Czech Republic, about the programme and the REFRESH project.

The operational programme is administered by the Ministry of the Environ-
ment. How new is this experience?

It's entirely new for us since this operational programme is allocated from the na-
tional level to individual regions, each with its own designated budget. We engage
with all three regions to determine how to approach specific calls for proposals;
the regions aid us in gathering project ideas and providing essential information.
This level of collaboration is unparalleled. Additionally, the programme covers a
wide array of themes, ranging from investments in territorial regeneration to soft-
erinitiatives like employee training. The scope of assistance is remarkably diverse,
and we strive to target nearly the entire region.

The three regionsin q are facing similar i
to addressing the transition aligned?

Are their approaches

Each region is pursuing a slightly different path due to its unique starting condi-
tions. Therefore, they must tailor their activities to their specific circumstances,
and we adjust the calls accordingly. For instance, the Moravian-Silesian Region
benefits from established institutions and regional agencies that assist applicants

The presence of these universities is a significant
benefit, evident in the nature of projects that
emphasize higher added value. The excellent
collaboration between VSB-TUO and the Uni-
versity of Ostrava, along with the unique role of
the Silesian University in Opava, creates a robust foundation for the region. This
puts the Moravian-Silesian Region in a prime position to reap considerable bene-
fits and embark on a different path of transformation.

How does the REFRESH project compare to other initiatives? Does it stand
out in any way?

Unlike the other projects, REFRESH distinguishes itself with its ambitious vision
for the future. It aims to create opportunities for new students and attract top re-
searchers, including those from abroad, fostering an appealing environment and
quality job prospects for them. While achieving this is undoubtedly challenging,
particularly in keeping skilled human capital once the project concludes, | believe
this approach is the alpha and omega of the success of any region. REFRESH
embodies a grand vision and is trying its best to fulfill it. There is also a project
at Jan Evangelista Purkyn& University in the Usti nad Labem region focused on
harnessing human potential and capital, but it does not aim as high as REFRESH.



The idea that people drive transf is a fund tal principle of the
REFRESH project. Do you agree with that perspective?

Definitely. While we can provide a certain structure, the key factor remains the
people in the region. They have the deepest understanding of what is necessary
for their area and must engage the local community to foster enthusiasm for
change. The goal is to cultivate an environment where people choose to stay, find
joyin living, and see tangible progress.

What additional strengths of the project would you highlight? On the other
hand, do you see any potential risks?

The collaboration among key regional partners is certainly a significant asset
and | consider it a foundational element of success. The synergy between the
region, the city of Ostrava, and the universities in the Moravian-Silesian Region
is extremely beneficial. As for potential risks, any initiative that relies heavily on a
strong vision may falter if its visionaries depart. Therefore, it's crucial for the people
driving the project to stay involved.

What stage is the Just Transition Operational Programme at now?

The Moravian-Silesian Region is the furthest along, with nearly all strategic pro-
jects having received legal approval and entering the implementation phase.
Overall, strategic projects in most areas have progressed to the selection commit-
tee stage. Within the operational programme, 50 percent of the total funding has
already been allocated to projects, which is a significant achievement given that
we began ayearand a half later than other operational programmes. This progress
has been facilitated by well-prepared large strategic projects such as REFRESH.

Can we expect the operational programme to continue in some form be-
yond 2027?

We strongly hope for continued support. Although we have made progress in
overcoming some delays, the transformation of the regions cannot be complet-
ed within just seven years. Furthermore, not all projects have reached the imple-
mentation stage for various reasons, which means we could prepare them for the

next phase. However, this will ultimately depend on the priorities set by the new
European Commission, the European Parliament, and the national government.
Intense negotiations are expected; 2025 will be a pivotal year for determining fu-
ture directions.

Ing. Radana Leistner Kratochvilova

Radana Leistner Kratochvilova currently works as the Direc-
tor of the Department of Support for a Low-Carbon Economy
Transition at the Ministry of the Environment of the Czech
Republic. She focuses on implementing the Just Transition
Fund, emphasizing the social, economic, and environmental
impacts of transitioning to a climate-neutral economy. She
oversees the Operational Programme Just Transition which
aims to significantly aid the transformation of coal regions
in the Czech Republic, including the Moravian-Silesian Region.

Previously, she led the department responsible for the Re-
gional Development Strategy at the Ministry of Regional
Development of the Czech Republic. She holds a degree in
international politics and diplomacy from the University of
Economics in Prague. Her professional background includes
several years at the Ministry of Labour and Social Affairs,
where she worked with the Managing Authority of the Euro-
pean Social Fund, as well as experience with the European
Commission within DG EMPL. Additionally, she contributed to
the government-approved Regional Development Strategy
21+ and its Action Plan, as well as the RESTART Strategy
for three restructuring regions with former coal mines, which
was developed by the Ministry of Regional Development and
the Ministry of Industry and Trade and features a specific
programme for the revitalization of brownfields.
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‘This three"fe,ar-  led by VS$B- TUO, brmgs together screntls
aiy% Politecnico lMl[e_mq the' Ne_therlands Rijksuniversiteit Groningen, and
" experts from the Greek consultancy firm Q-PLAN International Advisors PC.
The European Uﬁiqn h '{s'upport'e‘d the project with €1.5 million in funding.

“MERGE focuses on,.yalﬁj;mng renewable carbon materials from waste biomass.
Electrocatalytic and photocatalyhc processes hold great potential for converting
these materials into valuable products. However, the success of these technol-
ogies heavily depends on the development of suitable and efficient catalysts -
accelerators of chemical reactions. The project aims to bring together the exper-
tise'of partners in the field of 2D materials, such as graphene derivatives, carbon
nitrides, and photoactive or conductive polymers, which will be used as special
metal supports for developing new catalysts through single-atom engineering.
This method allows us to precisely control the properties of materials down to the
atomic level,” explained project coordinator Aristeidis Bakandritsos from the Ma-
terials -Envi Lab at the VSB-TUO Nanotechnology Centre.

The project addresses the critical issue of our dependence on fossil fuels for en-
ergy production and key chemicals, which poses a significant threat to energy
self-sufficiency and the environment. This has led to a growing demand for alter-
native, eco-friendly, and sustainable low-carbon energy sources.

 million crowns to. s‘ort hi:

\. .

2 mentﬂly‘fnendly and dlf‘hcu“wnanage In contrast, cata-
I\‘tlc%o!qversmnﬂ%ds great promise for pr(s]ucmg biofuels.
However, thgchallenge lies in developing appropriate cat-
alysts that can effectively control the chemical conversion
process, as multiple competing or sequential reactions occur simultaneously.
To address this, the strategic objective of the Bio2SAF project is to create a new
multifunctional catalyst utilizing modified graphene infused with individual metal
atoms. These single atom catalysts aim to reduce the number of reaction steps
and enhance conversion efficiency, all while minimizing energy consumption,”
explained Radek Zbofil, head of the Materials-Envi Lab and project guarantor.

The Marie Curie Sklodowska Action (MSCA) Individual Postdoctoral Fellowship is
regarded as one of the most prestigious research fellowships. ,This is a significant
milestone in my career. Most importantly, it will give me the opportunity to col-
laborate with leading scientists at VSB-TUQ,” said Sibi Malayil Gopalan, who has
previously worked with distinguished research teams in Canada and South Korea,
among other countries.
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~VSB-TUQ is involved in shapin
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the future unified arch|tecture of

~~ European cars

The focus of the three-year international Horizon project
create and test a European software-defined vehicl DV) solu
next-generation vehicles expected beyond 2030. Ti itiative involves
collaboration among partners from various E{lropmautomakers, leading
development suppliers, and selected research instit 12 countries.
Petr Simonik from the Faculty of Electri
ence at VSB-TUO serves as the nati

With a total budget of €64.48 n, the project aims to synchronize efforts
across Europe to estabilis| st SDV ecosystem, leveraging synergies from
existing national projects'and international research endeavors. The part
responsible for pioneering innovative methods, technologies, and pnﬁ
facilitate the mass production of vehicles set to debut after 2030. .

“The innovative concept of the software-defined vehicle enables adaptable cus-
tomization and expansion of features to meet user requirements. From 2024 to
2027, VSB-TUO is participating in a completely unique and ¢ : broject
focused on developing a future'unified architecture for European vehicle: i
in the consortium, we are working with partners such as BMW, d
Renault, Ford, Cariad, Bosch, Continental, ETAS, Elektrobit, Valeo, ZF, N

iconductors (from both the Czech Republic and Germany), Infineon, S cro-

electronics, Vektor Informatik, the Technical University of Munich, the Technical
University of Stuttgart, and others,” stated Simonik.

The VSB-TUO team is tasked with several responsibilities, including the creation
of an experimental demonstration vehicle featuring a new architecture for SDV
applications, the development of a virtual SDV within a laboratory simulation
model environment, conducting behavioral analyses of autonomous SDV drivers,
and preparing educational materials for SDV instruction. Beyond technological
advancements, the HAL4ASDV project aims to enhance the European automotive
industry, ensuring its competitiveness, facilitating green and digital transitions,
and fostering collaboration and sustainability across the automotive ecosystem.
The total budget for the project amounts to EUR 64.482 million.

Researchers from IT4Innovations
are engaged in activities of the
SPACE Centre of Excellence

Through collaboration with colleagues from the national supercomputing
center IT4Innovations at VSB-TUO, the Energy Lab of the REFRESH project
is involved in the activities of the SPACE initiative (Scalable Parallel Astro-
physical Codes for Exascale). This EU-funded project unites researchers, high
-performance computing specialists, hardware manufacturers, and software

developers, all aiming to re-engineer eight of the most commonly used open-

ostrum (Spain), which were funded by the European
and became operational between 2022 and 2023,

Jpercomputer architectures. This includes per-
oblematic areas in terms of scalability and
sical simulations. Additionally, we focus on
developing high-quality wsualrz ons of simulation results and actively engage
in integrating tools, codedepléym meet specific standards, and providing
community support. Furthermore, we work on promoting these codes and orga-
nizing specialized training,” stated Tomas Kozubek, who is also affiliated with the
Energy Lab.

formance proﬁlmg to identit
power consumption du@g astro
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Income growth in research and development

®
European projects Knowledge transfer Total funding for
research and development

In 2024, VSB-TUO has been invol- In 2023, VSB-TUO received a In 2023, VSB-TUO received a
ved in a total of 34 European pro- total of CZK 180.5 million from total of CZK 1.757 billion from
jects, which represents an increa- knowledge transfer, which re- domestic and foreign funding as
se of 55% compared to 2021. presents an increase of 25% well as supplementary activities
compared to 2021. for research and development

activities. This represents a 9%
increase compared to 2021.

180,5 mil. K¢
S R $z| 1 757 mil. K¢

548 mil. K&
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° ¢ High-resolution scanning electron

microscope (HRSEM)

The high-resolutiof' scanning electron microscope is a unique tool for detailed sur-
face and structural analysis of 2D and 3D nanomaterials. This CZK 24.6 million in-
strument will be utilized in the Materials & Environment Lab to evaluate the size and
morphology of the nanomaterials being investigated, leveraging its unique ability to
perform combined scanning and transmission electron microscopy (STEM) meas-
urements along with precise chemical mapping. Additionally, it can be integrated
with X-ray photoelectron spectroscopy to provide comprehensive insights into the
materials’ chemical, structural, and morphological characteristics. Gaining insights
into the relationship between the synthesis processes and the resulting properties
of the materials is vital for optimizing chemical processes. This instrument will serve
all living laboratories involved'in the REFRESH project and the research groups at
VSB-TUO. Furthermore, it is critical equipment for numerous commercial partners
who need detailed size, morphology, and structure characterization of the materials
under study. o

&
\

[ ]
Simultaneous thermal analyzer (TGA/DSC)

The simultaneous thermal analyzer (TGA/DSC) located at the CEET Institute of
Environmental Technology (IET) facilitates the observation of mass changes in a
sample while assessir.ts thermal properties undervarious temperature conditions.
1 This approximately CZK 3 million instrument is crucial for identifying individual poly-
mers within a mixed waste plastic sample, a key aspect in addressing the challenges
of chemical recycling as researched by the Energy Lab of the REFRESH project. The
simultaneous TGA/DSC capability allows for real-time monitoring of sample weight
variations in relation to temperature. Thermal degradation, which entails mass loss
when materials are heated, occurs during processes such as pyrolysis, gasification,
and incineration. Additionally, the DSC (differential scanning calorimeter) provides
insights into endothermic (such as polymer melting and pyrolytic decomposition)
and exothermic reactions (including crystallization and oxidation) in materials, en-
hancing the understanding of processes that may or may not involve mass change.
The analyzer is equipped witban FTIR (Fourier transform infrared spectrometer)
gas cell, enabling the analysi§’ of specific thermal decomposition ;,oducts. Fur-
thermore, it can be connected to a reaction cell, allowing for experimentation with
corrosive and reactive gases like hydrochloric acid, hydrogen sulfide, or hydrogen.

To date, we have acquired eqguipment

worth over CZK 122 million as pagt of

the project investments. The total
expenditure in this sector amounts to

nearly CZK 687.7 million.




X-ray photoelectron spectroscopy
(XPS)

X-ray photoelectron spectroscopy is utilized for the chemical analysis of solid sur-
faces, powdered materials, and frozen samples. This equipment is primarily tailored
for complex chemical analyses, both quantitative and qualitative, as well as for in-
vestigating the chemical states of various sample surfaces. XPS will facilitate the
characterization of the chemical and structural composition of materials, including
the identification of chemical bonds in the developer materials, with the ability to
distinguish different functional groups and valence states of individual elements.
The instrument can be uniquely paired with a high-resolution scanning electron mi-
croscope, allowing for the examination of the chemical and structural properties of
a specific area of the sample. Furthermore, it enables dusting part of the surface and
detailed, in-depth chemical and structural analysis. Consequently, it is one of the
most comprehensive tools for depicting materials’ chemical composition and struc-
ture. The instrument, valued at approximately CZK 16.5 million, will be employed in
the Materials & Environment Lab, other living laboratories within the REFRESH pro-
ject, and by various research teams at VSB-TUO. We anticipate significant interest
from both domestic and international companies, as well as academic partners.

Dynamic mechanical analyzer (DMA)

Researchers at the CEET Centre for Nanotechnology (CNT) can now utilize the
dynamic mechanical analyzer (DMA) to characterize the dynamic mechanical
properties of solid and powder samples, including polymer films, foils, fibers,
foams, and hydrogels, as well as to conduct basic rheological measurements. This
rheometer, acquired for approximately CZK é million through the REFRESH pro-
ject, offers a range of options for detailed material analysis. It enables the inves-
tigation of material properties in various modes, such as bending, tension, com-
pression, and torsion, along with assessing thermomechanical characteristics and
rheological and tribological measurements on samples. A thorough evaluation of
materials across different parameters is crucial for research involving polymerand
polymer composite materials, as well as various powder fillers and other activities

of the Energy Lab within the REFRESH project. Previously, researchers did not

.
have access to such a comprehensive instrument. Moreover the system’s modu-. e
-
lar design allows for adding newcomponents inthe future. & . " ‘. '. " s?
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Antenna anechoic chamber

The antenna anechoic chamber, designed for testing and measuring the real
properties of antennas and other devices utilizing electromagnetic waves in radio
communications, radar systems, and mobile technologies, is being constructed at
the Faculty of Electrical Engineering and Computer Science (FEI) of VSB-TUO as
part of the REFRESH project. It will facilitate measuring radiation characteristics for
electronic components or functional units operating at frequencies up to 44 GHz.
Thisis an area that covers both the currently used technologies and partly millimeter
waves, which are expected to be used more significantly in mobile networks.

The specialized equipment will facilitate collaboration with companies working
on developing antenna systems for a range of electronic devices. Furthermore, it
is anticipated that researchers from the Industry 4.0 & Automotive Lab, as well as
other teams, will participate in national and international projects. Set to be fully op-
erational by early 2025, the chamber will play a vital role in loT and 5/6G network
research. The CZK 17 million anechoic chamber will measure eight meters in length
and 3.5 meters in height. In addition, the new laboratory, unique in the country, will
be outfitted with advanced technological equipment for measuring electromag-
netic compatibility (EMC).







Single-atom-engineered antibiotics can combat bacterial
resistance

Researchers from VSB-TUO involved in the REFRESH project have contributed to developing a new class of antibi-
otics that are effective against even the most resistant strains of bacteria and can help combat bacterial resistance.
Collaborating with colleagues from Palacky engineered University and researchers in China, they have engineered
manganese—a trace element vital to human health—into a potent antibiotic by integrating it into a structure of chem-
ically modified graphene using single-atom engineering techniques. This breakthrough has been published in the
prestigious journal Advanced Materials, and the team has filed a European patent to protect the invention.

“The material we've developed can effectively kill and inhibit the growth of all bacteria we have tested, including diffi-
cult-to-treat pathogens. It operates at low concentrations that pose no harm to human cells. Furthermore, bacteria cannot
develop resistance to it, addressing one of the significant challenges in modern medicine. These findings provide a stfong
foundation for the practical application of single-atom engineered antibiotics,” remarked Radek Zbofil, the lead researcher
and scientific director of the Materials & Environment Lab within the REFRESH project. He emphasized the critical role of
the graphene carrier, which facilitates the transfer of manganese ions to bacterial surfaces, allowing them to effectively
target carbohydrate molecules. This research initiative also involved researchers from the national supercomputing center
IT4Innovations and the Centre for Energy and Environmental Technologies at VSB-TUO.

Nanorobots remove microplastics from water

Researchers from VSB-TUO, in cooperation with colleagues from CATRIN at Palacky University in Olomouc and
CEITEC-VUT in Brno, have developed titanium dioxide nanotubes powered by UV radiation and fueled by hydrogen
peroxide. Employing defect and single-atom engineering, these nanorobots are capable of capturing microplastics
present in water. This research, part of the REFRESH project, paves the way for novel applications of light-driven
nanorobots in water purification technologies.

In a study published in Advanced Functional Materials, the researchers demonstrated that these nanorobots can irre-
versibly capture microplastics in contaminated water in just seconds. They used polystyrene spheres approximately five
micrometers in diameter as a model for microplastics. By utilizing defect and single-atom engineering, the team was able
to manipulate the movement direction and speed of the nanorobots in water, which opens up various avenues for their
application in environmental, chemical, and biomedical fields. The nanotubes, around 250 nanometers wide and several
micrometers long, were synthesized through electrochemical anodization. Oxygen defects were created in the titanium
dioxide structure by annealing in a hydrogen atmosphere. Platinum atoms were incorporated into the defect structure
using deposition techniques.



https://onlinelibrary.wiley.com/doi/10.1002/adma.202410652
https://onlinelibrary.wiley.com/doi/10.1002/adfm.202402567

Cze_ch cities experience significant
socio-ecological injustice

Achieving a just sustainable transition requires a shift in how we approach sustainability. Consequently, researchers
from the University of Ostrava focused on the idea of social-ecological justice (SEJ), which redirects sustainability
toward meeting both social and environmental objectives. In an article published in Environmental Science & Policy,
they contributed to the advancement of the socio-ecological justice concept.

This framework underscores that equitable and sustainable solutions to pressing global issues like climate change and
natural resource depletion must prioritize both environmental protection and human rights alongside social equity. The
article aimed to promote the development of SEJ at three levels. Conceptually, SEJ was associated with the repurposing of
underutilized urban spaces, and the experts explored the recognition, process, and distributive dimensions of SEJ. At the
applied level, they proposed a context-sensitive strategy to integrate SEJ into policies concerning the reuse of underuti-
lized areas (including demolition, temporary use of buildings and land, land development, and redevelopment), using a
case study from the Czech Republic. Methodologically, the authors outlined how the normative framework of SEJ was
applied in research that combined both quantitative and qualitative methods.

Researcthers test metal hydrides for safe
and efficient hydrogen storage

Enhancing teéhnoﬁgies for secure and efficient hydrogen storage is a primary objective of the REFRESH project
and its Energy Lab. Researchers at CEET focus on technology that utilizes metal hydrides—compounds where hy-
drogen is bonded to a metal element or alloy. Their efforts are directed toward addressing a critical challenge of this
technology: thermal management. aar :
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“Controlling temperature is crucial fog@ptimizing hydrogen absorption and desorption processes. Absorption releases
heat, making it an exothermic process; whereas desorption consumes heat, classifying it as an endothermic process.
Effective temperature management can significantly speed up both of these processes,” explained Lubomira Drozdova
from CEET.

The team is conducting tests on MyH2 2000 metal hydrides provided by H2 Planet. This innovative low-pressure refilla-
ble hydrogen tank is engineered for safe and efficient hydrogen storage. It employs a metal powder that can repeatedly
absorb and release hydrogen as required, enabling storage at relatively low pressures (up to 30 bar), which enhances
system safety. During the absorption phase, the tank is cooled to avoid overheating, and it is heated during desorption,
optimizing the overall process. “This system is perfect for storing pure hydrogen gas, which can subsequently be used to
generate electricity via fuel cells. The entire process supports sustainable energy solutions,” Drozdova added.



https://www.sciencedirect.com/science/article/abs/pii/S1462901124001369?casa_token=FQj1YmtmpiMAAAAA:c-3w59DI9Vsifk6R1YppnWO88NG61FzbVCG3oUdjk-gx_LSzLKcwkw0M9TnntcALe9aCE81BRQ

Researchers describe the mechanism of synthesizing
boron-doped graphitic carbon nitride

Researchers from VSB-TUO have outlined the synthesis mechanism for boron-doped graphitic carbon nitride in a
study published in Materials Today Chemistry. A team of experts, led by Professor Petr Praus, examined the impact of
chemical mechanisms involved in B-doping on the structure and characteristics of these materials, which is essential
for their optimization for practical applications.

“Graphitic carbon nitride is a fascinating material. Despite being composed solely of common elements like carbon and
nitrogen, their combination results in a substance with numerous potential applications in semiconductor technology, en-
ergy storage, and as a catalyst for chemical reactions. To further enhance its properties, it is often enriched with other ele-
ments that enhance its applications. Boron is one such element that our study focuses on,” said Daniel Cvejn, the paper’s
lead author from the Centre for Energy and Environmental Technologies. The study demonstrates how the co-calcination
of a CN precursor and a B-dopant (boric acid) leads to the formation of B-doped graphitic carbon nitrides. Using various
analytical techniques such as X-ray diffraction, XPS, FTIR, or NMR, a new structure of these materials was derived, consid-
ering the different ratios between precursor and dopant. Thus, the paper contributes to the knowledge of how to efficiently
dope graphitic carbon nitrides, potentially paving the way for developing new materials with enhanced properties for a
range of technological applications.

REFRESH will enable the most extensive research
to date in excluded localities

Researchers from the Faculty of Social Studies and the Faculty of Education at the University of Ostrava have initi- -
ated a systematic study focused on the life opportunities of residents in Ostrava’s excluded localities. The objective
is to identify non-financial strategies that can lead to a sustainable improvement in the living standards of the most
disadvantaged citizens and prevent their social exclusion or segregation.

“We currently lack knowledge about this population, yet marginalized groups are often the first to bear the brunt of
significant social changes. They serve as a visible indicator of societal dynamics and potential future challenges for other
social groups. These people act as buffers against change,” explains Petr Kupka from the Department of Social Work
at the University of Ostrava. His research team will also conduct a study on residential mobility within socially excluded
neighborhoods, examining how frequently people relocate in these areas and the underlying reasons for their moves.
The number of citizens experiencing some form of poverty is on the rise, extending beyond socially excluded localities to
include more elderly individuals and single parents. In the Ostrava region alone, nearly 3,000 households are grappling
with energy poverty. The Moravian-Silesian Region currently faces the highest level of housing need, indicating a poten-
tial increase in the number of people unable to secure adequate housing. The REFRESH project will enable experts to
identify protective measures aimed at curbing the growth of populations in excluded localities.



https://colab.ws/articles/10.1016/j.mtchem.2024.102157

Researchers have developed a new method for produ-
cing battery electrodes

Researchers have introduced an innovative method for producing battery electrodes using organic materials that
demonstrate high energy storage capacity, rapid charge capabilities, and stability, all without the use of harmful
organic solvents. This advancement was reported in the esteemed journal Energy & Environmental Science by re-
searchers from VSB-TUO, Palacky University, and Germany. Their work offers a more environmentally friendly and
energy-efficient solution for electricity storage in batteries and supercapacitors.

“Organic molecules present a promising alternative due to their accessibility, ecological benefits, and adaptability. The
self-assembled organic nanowires significantly enhance lithium ion transport, resulting in batteries with high capacity that
maintain their performance even after multiple charge cycles. Our preparation method eliminates the use of harmful or-
ganic solvents, addressing a major safety and environmental concern in the current battery industry,” explained Aristei-
did Bakandritsos, one of the study’s authors. The organic nanowire anode also shows reduced exothermic activity during
charging, which enhances safety. Furthermore, the material performs exceptionally well in hybrid supercapacitors that
combine lithium metal ions with commercially available porous carbon. This new approach from the international team
comes at a crucial time when researchers worldwide are seeking alternatives to lithium batteries. As the demand for lith-
ium batteries continues to rise with the growth of electric mobility, it is essential to address the environmental and safety
challenges associated with their use.

A new method may enhance the evaluation of diffusion
coatings for steel treatment

Researchers from the IT4Innovations National Supercomputing Centre at VSB-TUO and the Fraunhofer Institute

for Chemical Technology ICT have introduced a novel methodology for segmenting and assessing diffusion coat- ) " __3 '4

ings used in steel surface treatment. Their findings were published in the journal High Temperature Corrosion of A .

Materials. This innovative approach aims to streamline the preparation of coatings tailored for various specific en- ’ » - 1
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y focuses on the design of an automatic evaluation of the parameters for aluminium-based diffusion coatings - \ d ‘.n'

that are applied to steel to protect the material’s surface. The aim is to prevent adverse environmental influences on the v - ‘ .' 7

material by appropriate choice of coating layer. The parameters of the coating layers are evaluated using data from elec- ' n . " ‘ "

tron microscope images. Our method leverages machine learning, integrating real and synthetically generated data to ' . ‘ ‘ v v

accurately determine material parameters,” explained Petr Strakos, one of the paper’s authors. According to Strakos, this '. N .- “

new method will facilitate the effective optimization of coatings for high-temperature and corrosion resistance, thereby \ ' ‘ —

advancing the development of specialized materials suited for demanding environments. It will be particularly beneficial - ™ - -

in the energy sector, such as in the design of a new generation of steam turbines that can operate at higher temperatures
than currently possible.



https://pubs.rsc.org/en/content/articlelanding/2024/ee/d4ee02777a
https://link.springer.com/article/10.1007/s11085-024-10321-3

Avristeidis Bakandritsos from the CEET Cen-

- tre for Nanotechnology received an award for

: his exceptional research results and a sym-

: bolic cheque for one million crowns. The es-

i a - teemed researcher, who is also affiliated with
h &-. 3 the Materials & Environment Lab of the RE-

L \ FRESH project, was awarded for his success
‘ : o in the international MERGE project aimed at
\‘r converting biomass into green fuels. This ini-
: ) tiative brings together partners from prestig-
jous institutions in the Netherlands, Italy, and
Greece, alongside VSB-TUO. The European

Union has provided €1.5 million in funding.
“l am incredibly honored and delighted to receive this award. This recognition is
profoundly meaningful, as it acknowledges the hard work and dedication invest-
ed in research and securing funds for our university. This award belongs to many
colleagues with whom we are consistently working together towards common
goals and results, like in the case of this project. It is also a great encouragement to
keep up the hard work, not only for me but for all researchers at VSB-TUO. It can
motivate them to keep striving for excellence. | am grateful to the management
of VSB-TUO for their unwavering support and to my colleagues and partners who
share this journey with me,” commented Bakandritsos on receiving the award.

Bakandritsos joined VSB-TUO through REFRESH and currently supervises the
international MERGE project.

The prestigious Prince Sultan Bin Abdulaziz International Prize for Water (PSIPW)
has arrived in the Czech Repubilic for the first time. In November, physical chem-
ist Radek Zbofil from the Nanotechnology Centre at the VSB-TUO and Scientific

Director of the Materials & Environment Lab of the REFRESH project received
the prize in Vienna.

“l am truly grateful for this award. The competition was fierce, and it is a privilege
to be recognized alongside distinguished researchers from institutions in Texas,
Berkeley, and Milan. However, the significance of our research is what truly mat-
ters. Many of our findings stem from the Center of Competence project where |
served as principal investigator for several years, and where we developed prac-
tical water treatment technologies. | would also like to extend my gratitude to my
colleagues who contributed to the research. Ensuring access to clean drinking
water is a critical global challenge, and every small advancement takes us closer
to achieving this goal,” Zbofil remarked upon receiving the award. The leader of
the four-person team recognized in the Alternative Water Resources Award cat-
egory, Virender K. Sharma from Texas A&M University, has collaborated closely
with Zboril for a long time. Together, they have published over 50 papers, which
have garnered more than 6,000 citations in total. Notably, last year, their co-au-
thored invited article on single-atom catalysts in water treatment was featured on
the cover of Chemical Society Reviews, the premier journal of the Royal Society
of Chemistry.

Sociologists Nicole Hordkova and Dawn Norris from the University of Ostrava are
conducting a comprehensive study to explore how former miners and metallur-
gists navigate the labor market. Their research emphasizes the subjective percep-
tions of former workers in heavy industry, which is closely linked to the Moravi-
an-Silesian region.

“My colleague from the USA, Dawn Norris, and | are reaching out to miners,
metallurgists, and others involved in related production, both men and women,
to share their experience with us. We aim to enhance the understanding of how
these people perceive their situations,” stated Nicole Horakova, who has long
been involved in the sociology of work.

The decline of coal and steel industries is a key change in the Moravian-Silesian
region. Over the past thirty years, tens of thousands of workers have left these in-



dustries. Horakova’s research will focus on their coping strategies and adaptations
to job loss.

The workshop brought together re-
searchers from VSB-TUO and Fraun-
hofer Institute

At the end of October, specialists from VSB-TUO and Fraunhofer ICT, a part of the
Fraunhofer Innovation Platform (FIP—AI@VéB—TUO),came together for a work-
shop entitled Thermal Energy Storage and Energetic Materials. The purpose of the
workshop was to present existing research in the field and explore opportunities
for collaboration on related topics, potentially leading to joint publications and pro-
jects. This meeting was part of the new Advanced Materials for Energy and Environ-
mental Technologies project, which falls under the Intersectoral Cooperation for
ITI of the Operational Programme Jan Amos Komensky, highlighting the practical
application of research outcomes and fostering collaboration between researchers
and industry.

“The goal of the workshop was to pinpoint research topics for collaboration in ther-
mal energy management and storage and to foster closer ties between researchers
from both institutions,” stated Vladislav Kolarik from Fraunhofer ICT.

Researchers collaborate with
automotive manufacturers

At the October meeting of automotive suppliers, Petr Simonik, Scientific Director
of the Industry 4.0 & Automotive Lab (IAL), presented REFRESH, outlining collab-
oration opportunities between VSB-TUO researchers and the automotive sector.
This meeting, organized by the Czech Automotive Industry Association (AutoSAP),
was hosted by ON Semiconductor Czech Republic, which specializes in silicon and
silicon carbide semi-finished products and chip manufacturing.

“My aim was to present the potential for utilizing R&D personnel and infrastructure,
highlighting examples of successfully addressed applied research, development,
and innovation tasks within the automotive industry that VSB - Technical University
Ostrava undertakes as part of the REFRESH project. | acquainted the participants
with our focus on smart manufacturing, approaches to Al applications, modeling
and simulation in manufacturing, our 5G industrial test network, and the technol-
ogies we are developing for automated control systems. | am grateful for the op-
portunity to present our work to top executives who care deeply about the future
of the Czech automotive industry,” stated Simonik, who together with his team, in
collaboration with domestic companies and European automobile manufacturers
and their suppliers, are developing cutting-edge systems for vehicles.
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