


CEET NEWSLETTER

OBSAH & AVA

Uvodni slovo

Fischer-Tropsch technologie
Inovativni postup vyroby vodiku
Rozhovor - Nasim UllaH
Rozhovor - Karel Borovec
Rozhovor - Ernesto Salzano

Inovativni metody pro ukladani
a skladovani vodiku

Bdérem dopovany grafiticky nitrid uhliku

CEET Workshop

[=] 2y v ]
aﬁﬁﬁ
o
Sledujte CEET t-i., 4}%
na socialnich sitich [=] A5k

13

18

26

31

35

39

[LLT

&

Introduction

Fischer-Tropsch Technology

CONTENT

Innovative process for producing hydrogen

Interview - Nasim UllaH

Interview - Karel Borovec

Interview - Ernesto Salzano

Innovative Methods for
Hydrogen Storage

Boron-doped graphitic carbon nitride

CEET Workshop

dgs s
E_t'h‘l:"-

Pt

S

e i, |- H

Follow CEET
on social media

Vazené kolegyné, vazeni kolegové, mili ¢tenafi,

pokracujeme v nasi cesté sdileni novinek a zajimavosti
ze svéta védy a vyzkumu, ktery v Centru energetickych
a environmentalnich technologii formuje budoucnost
udrzitelné energetiky.

V tomto vydani se zaméfime na perspektivy vyuziti
alternativnich paliv s podporou Fischer-Tropsch
technologie. Pfedstavime inovativni pfistup k vyrobé
vodiku, ktery otevira nové moznosti pro efektivnéjsi
aemisné méné narocné energetické systémy. Ddle

se budeme vénovat pokrocilym metodam ukladani

a skladovani vodiku, které jsou kli¢ové pro Sirsi vyuziti
vodikovych technologii v nizkoemisnim primyslu,
dopravé a energetice.

Neprestdvame se vénovat ani materidlovym védam.
Tentokrat predstavime bérem dopovany grafiticky nitrid
uhliku, ktery nabizi nové moznosti v oblasti katalyzy

a energetiky.

Stejné jako v pfedchozich vydanich nebude chybét
rozhovor s pfednimi védci, s nimiz spolupracujeme. Podéli
se s ndmi o své poznatky a vyzvy, které jejich obor pFindsi.

Specidlnim obsahem tohoto ¢isla je obrazova rekapitulace
prosincového Workshopu CEET - klicové uddlosti pro nase
centrum, kterd opét pfineslainspirativni diskuse a setkani
odbornik{ napfi¢ obory.

Véfime, Ze i tentokrat Vas newsletter zaujme, pfinese
uzite€né informace a inspiraci. DEkujeme, Ze nas
sledujete, a tésime se na dalSi sdileni poznatkd.

S pfanim pfijemného cteni,

Dear colleagues, dear readers,

We continue our journey of sharing news and highlights
from the world of science and research that is shaping the
future of sustainable energy at the Centre for Energy and
Environmental Technologies.

In this issue, we focus on the prospects of utilizing
alternative fuels supported by Fischer-Tropsch
technology. We introduce an innovative approach to
hydrogen production, opening new possibilities for

more efficient and lower-emission energy systems.
Furthermore, we explore advanced methods of hydrogen
storage, which are essential for the broader adoption

of hydrogen technologies in low-emission industries,
transportation, and energy sectors.

Our commitment to materials science remains strong.
This time, we present boron-doped graphitic carbon
nitride, offering new possibilities in catalysis and energy
applications.

Asin previous issues, you can look forward to an interview
with leading scientists we cooperate with. They will share
their findings and the challenges their field presents.

A special feature of this issue is a visual recap of the
December CEET Workshop - a key event for our centre,
once again bringing inspiring discussions and meetings
with experts across disciplines.

We hope this newsletter captures your interest, provides
useful information, and sparks inspiration. Thank you

for following us, and we look forward to sharing more
knowledge with you.

Wishing you a pleasant reading,

Stanislav Misak

feditel CEET / Director of CEET
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Vyroba alternativnich paliv ze syntézniho plynu pomoci
Fischer-Tropsch (FT) technologie pfedstavuje inovativni
smér s obrovskym potencialem, zejména v oblasti dekar-
bonizace a pfechodu na obnovitelné zdroje energie. Tato
technologie umoziuje vyrobu syntetickych paliv

z rtiznych nefosilnich zdroj(, ¢imzZ nabizi udrzitelnéjsi

alternativy k tradi¢nim fosilnim paliviim.

The production of alternative fuels from synthesis gas
using Fischer-Tropsch (FT) technology represents an
innovative approach with huge potential, particularly
in the fields of decarbonization and transitioning to
renewable energy sources. This technology enables the
production of synthetic fuels from various non-fossil
resources, offering more sustainable alternatives to
conventional fossil fuels.
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Vlyzvy a potencialni FeSeni

Srostoucim dlirazem na snizovani emisi sklenikovych
plynd Ize o¢ekdvat vyrazny vliv na zménu sortimentu

a kvality paliv pro silni¢ni dopravu. Tento tlak se soustfedi
zejména na rozvoj alternativnich paliv a pohonnych systé-
mu, které vyuZivaji odpad jako surovinu prostfednictvim
rdznych pokrocilych technologickych procest.

V soucasnosti existuje celosvétova poptavka po vyvoji
energeticky uc¢innych, ekonomickych a environmental-
né Setrnych procest pro udrzitelnou vyrobu kapalnych
alternativnich paliv jako ndhrady chemickych slou¢enin
vznikajicich z ropy. Pou?ziti Cistych alkohold jako paliv je
predmétem aktudlniho vyzkumu mnoha védeckych tyma.
Alkoholy se vyuzivaji jako alternativa ke konven¢nim
paliviim pro motory s vnitfnim spalovanim, aby splnily
nékteré environmentalni a ekonomické pozadavky.

Jednim z perspektivnich zplsob0 vyroby kapalnych orga-
nickych sloucenin s vysokym obsahem energie je FT synté-
za.)de o priklad heterogenné katalyzované reakce, pfi
které se syntézni plyn transformuje na Siroké spektrum
uhlovodikovych produktl. Tento technologicky postup,
znamy jako GTL (Gas to Liquids), zahrnuje produkci voskd,
kapalnych uhlovodik{ a reakéni vody.

Fischer-Tropschova syntéza je variantou chemického

i energetického vyuziti komunalniho odpadu, ktera se
povazuje za velmi perspektivni a v poslednich letech je
pfedmétem intenzivniho vyzkumu. Vyroba syntézniho
plynu, zdkladni suroviny pro FT syntézu, se nejcastéji
realizuje zplyfiovanim nebo pyrolyzou. Vyzkumné aktivity
cili na ziskani experimentdlnich dat potfebnych pro hod-
noceni energetické hustoty materidl(i vznikajicich béhem
zplyfiovdni a syntézy kapalnych paliv. Kombinace metod
zplynovani paliv a nasledné syntézy kapalnych paliv pred-
stavuje pokrocily pfistup vhodny pro efektivnéjsi vyuziti
alternativnich surovin.

Mikro-katalyticka jednotka Fischer-Tropsch

Syntézni jednotka Micro Catalyst Bed Fischer-Tropsch
(MCB F-T), umisténa v laboratofi Vyzkumného energetic-
kého centra CEET, slouzi k vyvoji a testovani pokrocilych
metod vyroby alternativnich paliv. Tato jednotka vyuziva
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Challenges and Potential Solutions

With the increasing emphasis on reducing greenhouse gas
emissions, a significant impact on the range and quality
of fuels for road transport is expected. This pressure is
mainly focused on the development of alternative fuels
and propulsion systems that use waste as a raw material
through various advanced technological processes.

Currently, there is global demand for energy-efficient,
economical, and environmentally friendly processes for
the sustainable production of liquid alternative fuels as
substitutes for chemical compounds derived from pet-
roleum. The use of pure alcohols as fuels is the subject of
ongoing research by numerous scientific teams. Alcohols
serve as alternatives to conventional fuels for internal
combustion engines, addressing specific environmental
and economic requirements.

One promising method for producing high-energy-
-content liquid organic compounds is FT synthesis. This
process exemplifies a heterogeneous catalytic reaction,
where synthesis gas is transformed into a wide range of
hydrocarbon products. Known as GTL (Gas to Liquids),
this technological process includes the production of
waxes, liquid hydrocarbons, and reaction water.

Fischer-Tropsch synthesis is a variant of the chemical and
energy utilization of municipal waste, considered highly
promising and the subject of intensive research in recent
years. The production of synthesis gas, the fundamental
raw material for FT synthesis, is most often achieved
through gasification or pyrolysis. Research activities aim
to obtain experimental data necessary for evaluating the
energy density of materials generated during gasificati-
on and the synthesis of liquid fuels. The combination of
gasification methods and subsequent liquid fuel synthesis
represents an advanced approach suitable for the effici-
ent utilization of alternative raw materials.

Micro-Catalytic Fischer-Tropsch Unit

The Micro Catalyst Bed Fischer-Tropsch (MCB F-T)
synthesis unit, located in the laboratory of the Energy
Research Centre CEET, is used for developing and tes-
ting advanced methods for alternative fuel production.
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technologii mikro-katalytickych reaktord pro efektivni
pfeménu syngasu na kapalné uhlovodiky, ¢imz pfispiva
k vyzkumu udrzitelnych a ekologickych energetickych
feseni.

Jednotka MCB F-T pracuje v nizko-pritokovém rezimu
(desitky litrd hodinové). Hlavni ¢asti technologie je
katalyticky reaktor valcového tvaru umistény v elektricky
vyhfivané peci. Vnitini ¢ast reaktoru vypliiuje smés ¢astic
inertniho SiO, a sférického katalyzatoru o primérul mm.
Vzniklé vys$si uhlovodiky jsou po reakci dvoufazové oddé-
leny od zbylého plynu v separa¢nich modulech chlazenim
aodvadény do odbérovych nadob k analyze.

Role katalyzatord

Katalyzatory hraji klicovou roli v preméné syntézniho ply-
nu (smési vodiku a oxidu uhelnatého) na kapalna paliva.
V pribéhu ¢asu mohou ztracet aktivitu vlivem deakti-
vacnich procesd, cozZ zvySuje dlleZitost vyzkumu réiznych
typl katalyzator( na bazi kobaltu, Zeleza nebo médi.
Zvlastni pozornost je vénovana vyvoji stabilnéjsich kata-
lyzator(, napfiklad nanostrukturovanych nebo hybridnich
materiald, které by mohly snizit ndklady na jejich obnovu
a zlepsit efektivitu procesu.

This unit employs micro-catalytic reactor technology to
efficiently convert synthesis gas into liquid hydrocarbons,
contributing to research on sustainable and environmen-
tally friendly energy solutions.

The MCB F-T unit operates in a low-flow mode (tens of
litres per hour). The core of the technology is a cylindrical
catalytic reactor housed in an electrically heated furnace.
The reactor‘sinterior is filled with a mixture of inert SiO,
particles and spherical catalyst particles with a diameter
of 1 mm. The higher hydrocarbons produced are sepa-
rated in two phases from the residual gas in separation
modules through cooling and collected in containers for
analysis.

The Role of Catalysts

Catalysts play a crucial role in converting synthesis gas

(a mixture of hydrogen and carbon monoxide) into liquid
fuels. Over time, they may lose activity due to deactivati-
on processes, highlighting the importance of researching
various types of catalysts based on cobalt, iron, or copper.
Special attention is given to developing more stable cata-
lysts, such as nanostructured or hybrid materials, which
could reduce regeneration costs and improve process
efficiency.
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Dalsim vyznamnym faktorem jsou vnéjsi podminky
konverznich reakci, jako je teplota a tlak. Optimalni
teplotni rozmezi pro FT syntézu je 250-320 °C, pficemz
tlak dosahuje 5-20 bar. Klicovou roli hraje i spradvny pomér
aktivnich latek v plynu (H,, CO).

Produkty FT syntézy

Vysledkem katalytické syntézy je tvorba vyssich uhlovo-
dikovych molekul, napfiklad: Alkoholy (pfevazné C3-C5),
Alkany (C11-C20), Alkeny (C11-C15). Z téchto sloucenin
Ize rafinaci ziskat smési, které svym slozenim odpovidaji
komer&nim pohonnym hmotam.

Potencidl a budouci sméfrovani

Technologie alternativnich paliv a vodikového hospodar-
stvi predstavuji nejen odpovéd' na aktudlni vyzvy spojené
s udrzitelnosti, ale také prilezitost definovat novy smér

v energetice a pramyslu. Fischer-Tropschova technologie
umoznuje preménu odpadu na vysoce hodnotnd paliva
spliujici pfisné environmentdlni pozadavky.

Nase vyzkumné aktivity se zaméruji na transformaci
téchto inovaci z teoretickych konceptd na prakticka
feSeni. Vidime budoucnost, kde vodik hraje klicovou roli
nejen jako zdroj energie, ale i jako surovina pro primys-
lové procesy. Budouci pldny zahrnuji rozsifeni spoluprace
na evropské trovni, zapojeni do kli€ovych vyzkumnych
projektl a pfenos technologii do primyslové praxe.

»Fischer-Tropsch syntéza predstavuje vy-
znamny krok k udrZitelnéj$i budoucnosti v
oblasti energetiky a vyuzivani odpad-
nich surovin.“

External conditions of the conversion reactions, such as
temperature and pressure, are also critical factors. The
optimal temperature range for FT synthesis is 250-320
°C, with pressures reaching 5-20 bar. The correct ratio of
active gas components (H,, CO) also plays a pivotal role.

Products of FT Synthesis

Catalytic synthesis results in the formation of higher hyd-
rocarbon molecules, including Alcohols (predominantly
(C3-C5), Alkanes (C11-C20) and Alkenes (C11-C15). These
compounds can be refined into mixtures that correspond
in composition to commercial fuels.

Potential and Future Directions

Alternative fuel and hydrogen economy technologies not
only address current sustainability challenges but also
provide an opportunity to define a new direction in ener-
gy and industry. Fischer-Tropsch technology allows waste
to be transformed into high-value fuels that meet strict
environmental standards.

Our research activities focus on transforming these inno-

vations from theoretical concepts into practical solutions.

We envision a future where hydrogen plays a key role,
not only as an energy source but also as a raw material
forindustrial processes. Future plans include expanding
collaboration at the European level, participating in key
research projects, and transferring technologies into
industrial practice.

,Fischer-Tropsch synthesis represents a sig-

nificant step towards a more sustainable

future in energy and waste resource
utilization.”

Iyl
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Novy tfistupnovy proces, vyvinuty védci Dr. Amerem
Inayatem a Dr. Pavlem LeStinskym z Institutu envi-
ronmentalnich technologii CEET ve spoluprdci s odborniky
z Univerzity Friedricha Alexandera v némeckém Erlange-
nu, umoziuje pfeménu odpadnich plastd a oxidu uhli¢ité-
ho navodik a dal$i hodnotné chemické latky vyuzitelné

v chemickém a petrochemickém primyslu.

A new three-stage process, developed by researchers

Dr. Amer Inayat and Dr. Pavel Lestinsky from the Institute
of Environmental Technologies, CEET in collaboration
with experts from Friedrich-Alexander University

in Erlangen, Germany, enables the conversion of

plastic waste and carbon dioxide into hydrogen and

other valuable chemicals usable in the chemical

and petrochemical industries.

INOVATIVN{ POSTUP VYROBY VODIKU /
INNOVATIVE PROCESS FOR PRODUCING HYDROGEN

Dékuji, Ze jste sina nds udélali ¢as. Hned na uvod bych se
zeptal, co je cilem tohoto vyzkumu a jaké jsou hlavni faze
tohoto tfistupriového procesu?

Hlavnim cilem tohoto vyzkumu je vyvinout a demon-
strovat tfistupniovy proces pyrolyzné-katalytického
suchého reformovani, ktery umoZriuje pfeménu
odpadnich polyolefini a CO, na cenné chemické latky,
vCetné BTEX (benzen, toluen, ethylbenzen a xyleny)

a syntézniho plynu (smés vodiku a oxidu uhelnatého),
a zdroven vyresit problematiku plastového odpadu

a emisi CO,.

Tristupnovy proces zahrnuje: 1. Termickou pyrolyzu
odpadnich plasti za ucelem tvorby pyrolyznich par;

2. Katalytické zpracovani pyrolyznich par pomoci
zeolitického katalyzdatoru HZSM-5 k vyrobé pyrolyzniho
oleje bohatého na BTEX a pyrolyzniho plynu obsahuji-
ciho lehké uhlovodiky a za 3. CO, reformovani lehkych
uhlovodikii na katalyzatoru Ni-silikalit-1 za i¢elem
produkce syntézniho plynu.

Pojd'me vice do hloubky Vaseho vyzkumu. Zajimalo by
mé, jaky typ plastu byl v této studii pouZit a jak vybér
katalyzdtor( (HZSM-5 a Ni-silikalit-1) ovliviiuje pfeménu
odpadnich plastii na cenné chemické latky?

V této studii byl jako hlavni plastovd surovina pro
proces pyrolyzy a katalytické konverze pouZit béZny
odpadni polypropylen. Katalyzator HZSM-5 byl vybran,
protoZe podporuje tvorbu slouc¢enin BTEX a lehkych
uhlovodiki diky své vysoké kyselosti a mikroporézni
strukture. Katalyzator Ni-silikalit-1 pak katalyzuje pro-
ces suchého reformovani, pfemériuje lehké uhlovodiky
a CO, na syntézni plyn. Diky aktivnim mistim niklového
katalyzdtoru a nekyselému nosici dochazi pouze k mini-
malni tvorbé koksu.

Nabizi se otdzka, proc si myslite, Ze je tento vyzkum
dileZity? MiZete néjak podrobnéji popsat konfiguraci
reaktord v jednotlivych stupnich procesu?

Thank you for taking the time to meet with us. To begin,
I would like to ask what is the main goal of this research
and what are the primary stages involved in the three-
stage pyrolysis-catalytic dry reforming process?

The main goal of this research is to develop and demon-
strate a three-stage pyrolysis-catalytic dry reforming
process for converting waste polyolefins and CO, into
valuable chemicals, including BTEX (benzene, toluene,
ethylbenzene, and xylenes) and syngas (mixture of
hydrogen and carbon monoxide), while addressing the
issues of plastic waste and CO, emissions.

The three-stage process consists of: (1) Thermal pyro-
lysis of waste plastics to generate pyrolysis vapors; (2)
Catalytic treatment of pyrolysis vapors using HZSM-5
zeolite catalyst to produce BTEX rich pyrolysis oil and
pyrolysis gas containing light hydrocarbons; (3) €O,
reforming of light hydrocarbons over Ni-silicalite-1
catalyst to produce syngas.

Let‘s dive deeper into your research. | am curious about
what type of plastic was used in this study and how

the selection of catalysts (HZSM-5 and Ni-silicalite-1)
influences the conversion of waste plastics into valuable
chemicals.

This study used waste polypropylene as the primary
plastic feedstock for the pyrolysis and catalytic conver-
sion processes. We chose HZSM-5 because it promotes
the formation of BTEX compounds and light hydrocar-
bons due to its high acidity and microporous structure,
while Ni-silicalite-1 catalyzes the CO, reforming process,
converting light hydrocarbons and CO, into syngas with
minimal coking due to its non-acidic support and Ni
active sites.

The question arises as to why you think this research is
important, and | would also appreciate it if you could
describe in more detail the reactor configurations used in
each stage of the process.

Iyl
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Vyzkum nabizi potencidlni feseni pro recyklaci
odpadnich plastd a sniZzeni emisi CO, jejich pfemé-
nou na cenné suroviny pro chemicky prumysl. Tedy
sniZuje mnoZstvi odpadu, podporuje udrZitelnost
a snizuje zavislost na fosilnich zdrojich.

Pokud jde o samotny proces a jeho ovéreni'v labo-
ratornich podminkdch, tak v prvnim stupni je pouZit
jednoduchy sklenény trubkovy reaktor pro termickou
pyrolyzu. Druhy a treti stuperi vyuzivd trubkové reak-
tory z kfemenného skla s pevnym loZzem katalyzatoru
HZSM-5 nebo katalyzatorem Ni-silikalit-1 pro suché
reformovani CO,. Ve vsech stupnich je udrZovana
teploty pomoci externich topnych prvkd.

Presurime se nyni k vystuptm. Jaké jsou klicové produkty
ziskané z tohoto procesu a jaké konkrétni procesni
parametry (teplota, pomér katalyzatoru k suroviné atd.)
byly v této studii z Vaseho pohledu nejucinnéjsi?

Klicovymi produkty ziskanymi z tohoto procesu jsou
slouceniny BTEX, lehké uhlovodiky (C1-C4) a syntézni
plyn. Pokud jde o procesni parametry, tak optimdini
teplota pro pyrolyzni stuperi byla 500 °C a CO, refor-
movani bylo nejucinnéjsi pfi 800 °C. Pomér hmotnosti
katalyzatoru k suroviné byl 0,5 jak pro HZSM-5, tak

i pro Ni-silikalit-1, coZ zajistilo efektivni preménu
odpadnich plasti a plynd.

Jak vlastné tento proces pomdaha Zivotnimu prostredi
a jaké vlastnosti ma odpadni polypropylen, ktery jste si
pro studiivybrali?

Proces miiZe pomoci vyresit dva hlavni problémy - od-
padni plasty a s nimi spojené emise CO,. Tyto plasty jsou
v ndminavrZeném procesu pfeménovany na uZitecné
chemikdlie, ¢imZ dochazi ke sniZeni zatiZzeni sklddek

a spaloven, a zdroven sniZuje emise CO, tim, Ze jej za-
hrnuje do chemické konverze. Polypropylen byl vybran,
protoZe je hojné pfitomen v plastovych odpadech, ale
také diky své schopnosti produkovat cenné pyrolyzni
plyny a oleje béhem tepelné a katalytické pyrolyzy.
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The research offers a potential solution for recycling
waste plastics and reducing CO, emissions by conver-
ting them into valuable feedstocks for the chemical
industry, thus reducing waste, promoting sustainability
and decreasing dependence on fossil resources.

Regarding the process itself, for the lab-scale demon-
stration, the first stage uses a glass tube reactor for
thermal pyrolysis. The second stage employs a quartz
tube packed with HZSM-5 catalyst, while the third stage
consists of a quartz tube with Ni-silicalite-1 catalyst for
CO, reforming. Temperature control is maintained in all
stages via external heating elements.

Let‘s now move on to the outputs. What are the key
products obtained from this process, and what specific
process parameters (temperature, catalyst-to-feed ratio
etc.) were found to be the most effective in this study
from your perspective?

The key products obtained from this process are BTEX
compounds, light hydrocarbons (C1-C4), and syngas. As
for the process parameters, the optimal temperature
for the pyrolysis stage was 500 °C, and CO, reforming
was most effective at 800°C. The catalyst-to-feed ratio
of 0.5 was used for both HZSM-5 and Ni-silicalite-1, en-
suring effective conversion of waste plastics and gases.

How can this process help the environment and what are
the characteristics of waste polypropylene that make it
suitable for this study?

The process can help the environment by addressing
two major issues: plastic waste and CO, emissions. It

INOVATIVNI POSTUP VYROBY VODIKU /
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Dals$i otdzka se bude tykat katalyzatorud. Jaké katalyzatory
byly pouzity v této studii a jak byly katalyzatory HZSM-5
a Ni-silikalit-1 pFipraveny a charakterizovany?

Ve studii byl pouzit zeolit HZSM-5 pro katalytickou
upravu pyrolyznich par a Ni-silikalit-1 pro CO, reformo-
vani pyrolyznich plyni. HZSM-5 byl pripraven kalcinaci
komercné dostupného NH ~ZSM-5 pFi 550 °C, ¢imz
vznikla aktivni H-forma. Ni-silikalit-1 byl pfipraven
impregnaci komercné dostupného silikalitu-1s dusi¢na-
nem nikelnatym, ndsledovanou kalcinaci. Oba katalyza-
tory byly charakterizovany technikami XRD, BET a TPD.

Pojd'me se presunout do budoucna. Jaky dopad by tento
vyzkum mohl mit na budouci technologie recyklace?

Tento vyzkum by mohl otevrit cestu pro pokrocilé
technologie chemické recyklace, které umozni pfeménu
odpadnich plastd a CO, na vysoce hodnotné produkty.
Takové technologie by podporily recyklaci v uzavieném
cyklu, ¢imz by se sniZila zavislost na fosilnich zdrojich

a otevrely cestu k udrzZitelnému nakldadani s plastovymi
odpady vseho druhu.

Jaky dalsi vyzkum by mohl zlepsit efektivitu
tfistupriového pyrolyzné-katalytického suchého
reformovani a jaké kroky by byly nezbytné pro jeho
rozsifeni pro prumyslové aplikace?

Vicefazovy termo-katalyticky proces pro
chemické recyklovani plastového odpa-

du umoZriuje vyrobu a separaci riiznych
chemikadlii, které mohou byt vyuZity jako
sekundarni suroviny v chemickém
a/nebo petrochemickém primyslu.

converts waste plastics into useful chemicals, reducing
the need for landfill and/or incineration, and mitiga-
tes CO, emissions by incorporating it in the chemical
conversion. Polypropylene was chosen due to its high
content in plastic waste streams and its ability to pro-
duce valuable pyrolysis gases and oils during thermal
and catalytic pyrolysis.

The next question will be about catalysts. What catalysts
were used in this study and how were the HZSM-5 and Ni-
silicalite-1 catalysts prepared and characterized?

The study used HZSM-5 zeolite for the catalytic upgra-
ding of pyrolysis vapors and Ni-silicalite-1 for the CO,
reforming of pyrolysis gases. HZSM-5 was prepared

by calcination of commercial NH -ZSM-5 at 550 °C to
obtain the active H-form. Ni-silicalite-1 was prepared
by wetness impregnation of commercially available
silicalite-1 with nickel nitrate, followed by calcination.
Both catalysts were characterized by XRD, BET and TPD
techniques.

Let ‘s move to the future. How could this research impact
future recycling technologies?

This research could pave the way for advanced chemi-
cal recycling technologies, enabling the conversion of
waste plastics and CO, into high-value products. Such
technologies would support closed-loop recycling,

Multistage thermo-catalytic process for the
chemical recycling of plastic wastes allows for
the production and separation of diverse
chemicals which can be used as secon-
dary feedstocks in the chemical and/
or petrochemical industries.

CEET
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Budouci studie by se mohly zaméFrit na zlepseni reducing the reliance on fossil resources and advancing
Zivotnosti katalyzdtor(, minimalizaci tvorby koksu, sustainable waste management.
optimalizaci konfigurace reaktord a vyuZivani rdznych ) o
typli odpadnich plastd a zdrojd CO,. Takova vylepseni by What further research could improve the efficiency of
mohla zvysit jak d€innost, tak i vynosy. the three-stage pyrolysis-catalytic dry reforming process
and what steps would be necessary to scale this process
Pro rozsifeni procesu by bylo nutné vyvinout vétsi reak- for industrial applications?
tory, optimalizovat manipulaci se vstupnimi ) ) )
surovinami a integrovat proces do stdvajici petroche- Future studies could explore improving catalyst dura-
mické infrastruktury. Vyvoj poloprovozniho zafizeni bility, minimizing coking, optimizing reactor configura-
s ndslednou realizaci demonstraéni jednotky v primyslu tions, and using different types of waste plastics and
by mohly poskytnout cenné informace o proveditelnos- CO; sources. Such improvements could enhance both
ti a potfebnych tpravéch pro implementaci ve velkém efficiency and yields.
rdmyslovém méritku.
p 4 Scaling up would require larger reactors, optimized
A moje posledni otazka. Jaké dalsi typy odpadnich plastd feedstock handling, and integration with existing Rozh / Int .
nebo katalyzatord by mohly byt prozkoumany petrochemical infrastructures. Developing pilot plants ozhovor/interview
v budoucich studiich? or conducting industrial demonstrations could provide
valuable insights into the feasibility and adjustments
Budouci studie by se mély zaméfrit na recyklaci smés- needed for large-scale implementation.
ného plastového odpadu, a pouZiti katalyzator( na bazi o )
mezoporéznich materiali & zeolitd dopovanych pfe- My last question is what other types of waste plastics or
chodnymi kovy. Tyto alternativy by mohly dale zlepsit catalysts could be investigated in future studies? )
selektivitu a U¢innost procesu chemické recyklace. Prof. Nasim Ullah se specializuje na obnovitelné zdroje Prof. Nasim Ullah is specializing in renewable energy,
Future studies could explore recycling of mixed plastic Lo . b . . . .
. . energie, inteligentni sité a vykonovou elektroniku. Od smart grids, and power electronics. Since 2022, he has
waste, and the use of mesoporous materials and transi-
tion-metal-doped zeolites as catalytic materials. These roku 2022 aktivné spolupracuje s CEET a je také ¢clenem been actively working with the CEET and he is also a
alternatives could further enhance the selectivity and projektu Refresh. Jeho prace se zaméfuje na feSeni vyzev member of Refresh project. His work focuses on addre-
efficiency of the chemical recycling process. spojenych s integraci obnovitelnych zdroji energie do ssing challenges in integrating renewable energy into
elektrickych siti a na vyvoj inovativnich technologii pro power grids and developing innovative technologies for
udrzitelné energetické systémy. sustainable energy solutions.
Dékujeme, Ze jste si dnes udélal ¢as. Thank you for joining us today. To start, could you tell us
Ve viné je pravda, v plastech vé&nost. In wine there is truth, in plastics MdZete se ndm na zalatek krdtce pfedstavit? a little about yourself and your background?
Pavel there s eternity. V roce 2004 jsem ziskal titul B.Sc. v oblasti elektroin- I received my B.Sc. in Electrical Engineering from the
LeStinsky Zenyrstvi na University of Engineering and Technology, University of Engineering and Technology, Peshawar,
Peshawar, Pdkistdn, a ndsledné jsem v roce 2013 ziskal Pakistan, in 2004, and later earned my Ph.D. in Me-
Ph.D. v oblasti mechatronického inZzenyrstvi na Beihang chatronic Engineering from Beihang University, Beijing,
University v Pekingu, v Ciné. V sou¢asnosti jsem profe- China, in 2013. Currently, I’'m a Professor in the De-
13
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sorem na Katedre elektroinZenyrstvi na Taif University
v Saudské Arabii. Vedl jsem nékolik vyzkumnych projek-
td financovanych univerzitou a Ministerstvem $Skolstvi
v Saldské Arabii. Mdj vyzkum se zaméruje na integraci
obnovitelnych zdroji energie, mikrogridy, inteligentni
sité, vykonovou elektroniku, robotiku a letecké systémy
Fizent.

To je opravdu impozantni portfolio. Co Vds nejvice bavi ve
Vasiroli na Taif University?

Na Taif University mam pfileZitost se podilet jak na
vyuce, tak na spickovém vyzkumu. Podpora ze strany
Deanship of Scientific Research a College of Engineering
je vynikajici, coZ vytvari produktivni a motivujici pra-
covni prostredi. Tento mix akademické svobody

a podpory miv prdci neskutecné pomaha.

Vas vyzkum pokryva nékolik oblasti, véetné obnovitelné
energie, automobilového inZenyrstvi a biomedicinského
inZenyrstvi. Jak se Vam dafi ziistat informovany napfi¢
témito oblastmi?

Mym hlavni zamérenim je vyvoj novych Fidicich algo-
ritmi a topologii vykonové elektroniky, které nachdzeji
uplatnéniv téchto riznych oblastech. Inovace v jedné
oblasti, napfiklad automobilovém inZenyrstvi, mohou
pfinést cenné poznatky, které Ize pfenést i do oblasti
obnovitelné energie nebo biomedicinskych systémda.
Toto multioborové zaméreni udrZuje mou praci aktudlni
ainovativni.

Jaké vidite nejvétsi vyzvy v oblasti elektroinZenyrstvi,
zejména pokud jde o energetické systémy?

Jednou z hlavnich vyzev je integrace obnovitelnych
zdroji energie do stavajicich elektrickych siti. To s se-
bou prindsi problémy, jako je udrZovani kvality energie,
vyvaZovani nabidky a poptdvky, modernizace starnouci
infrastruktury a kyberneticka bezpe¢nost. Reseni téch-
to problémd vyZaduje kvalitni vyzkum a jeho aplikova-
telnost do praktickych, Skdlovatelnych vystupd.

partment of Electrical Engineering at Taif University,
Saudi Arabia. I've led several research projects funded
by the university and the Ministry of Education here

in Saudi Arabia. My research spans renewable energy
integration, microgrids, smart grids, power electronics,
robotics, and flight control systems.

That’s an impressive portfolio! What excites you the most
about your role at Taif University?

At Taif University, | enjoy the opportunity to engage in
both high-quality teaching and cutting-edge research.
The support from the Deanship of Scientific Research
and the College of Engineering is outstanding, creating
a productive and collaborative work environment. It’s
this mix of academic freedom and support that makes
my work truly fulfilling.

Your research spans several disciplines, including
renewable energy, automotive engineering, and
biomedical engineering. How do you stay innovative
across such diverse areas?

My focus is on developing novel control algorithms

and power electronics topologies, which have appli-
cations across these fields. Innovations in one area,

like automotive engineering, often have transferable
insights for renewable energy or biomedical systems.
This cross-pollination of ideas keeps my work fresh and
innovative.

What do you see as the biggest challenges in electrical
engineering today, especially in power systems?

One major challenge is the integration of renewable
energy sources into existing power grids. This brings
issues like maintaining power quality, balancing supply
and demand, updating aging infrastructure, and addre-
ssing cybersecurity risks. Solutions require high-quality
research and translating that into practical, scalable
products.

NASIM ULLAH

Pokud jde o obnovitelné zdroje, jaké jsou aktualni
prekazky Sirsiho prijeti technologii vyuzivajicich vétrnou
asoldrni energii?

Hlavnimi pfekazkami jsou vysoké naklady na technolo-
gii vyroby obnovitelné energie, problémy s integraci do
sité a nedostatek cenové dostupnych technologii pro
skladovani energie. Reseni téchto problém(i bude klico-
Vvé pro zajisténi plynulé dodavky energie z nestabilnich
zdrojd, jako je vitr a slunce.

Vase odborné znalosti v oblasti mikrogridi jsou
fascinujici. Jakou budoucnost maji v kontextu distribuce
energie?

Mikrogridy a distribuovand vyroba energie zvysuji
spolehlivost v doddvkdch energie, sniZuji zavislost na
fosilnich palivech a zvysuji u¢innost sité. Nabizeji také
flexibilitu, Usporu ndkladd a energetickou nezavislost
pro spotrebitele, coZ je ¢ini klicovymi pro budoucnost
distribuce energie.

Zkoumal jste také bezpilotni letouny (UAV). Vidite
potencial pro jejich vyuZiti v oblasti obnovitelné energie,
napfiklad pri udrzbé?

Urcité. UAV sejiz pouZivaji napfiklad k inspekci soldrnich
paneld nebo priinspekci poskozeni lopatek vétrnych
turbin. Mohou také dopravovat specifické naklady pfi
realizaci instalaci. Jeden z mych vyzkumnych pfispévkd
v této oblasti je podrobné popsan v nasledujici publikaci
https://doi.org/10.1109/ACCESS.2021.3081483.

MiZete ndm vysvétlit svou préaci na fazovém posunu
a pfepindni pfi nulovém napétiv DC-DC ménicich? Jaky
vliv maji tyto technologie na vykonovou elektroniku?

Prepindni pfi nulovém napéti (ZVS) a pfepinani pfi nu-
lovém proudu (ZCS) vyrazné sniZuji pfepinaci ztraty, coz
zlepsSuje ucinnost a spolehlivost vykonovych elektro-
nickych systémd. Tyto techniky jsou obzvladsté dalezZité
pro moderni energetické systémy, ale vyZaduji precizni
Casovdni a fizeni pro efektivni fungovani.

Speaking of renewable energy, what are the current
hurdles to wider adoption of technologies like wind and
solar?

The main obstacles include the high costs of renewable
energy generation technologies, grid integration issues,
and the lack of affordable energy storage solutions. Ad-
dressing these will be key to ensuring seamless delivery
of power from intermittent sources like wind and solar.

Your expertise in microgrids is fascinating. How do you
see microgrids shaping the future of energy distribution?

Microgrids and distributed power generation enhance
energy reliability, reduce dependence on fossil fu-

els, and increase network efficiency. They also offer
flexibility, cost savings, and energy independence for
consumers, making them vital for the future of energy
distribution.

You’ve also researched unmanned aerial vehicles (UAVs).
Do you see potential for UAVs to intersect with renewable
energy, such as in maintenance tasks?

Absolutely. UAVs are already being used for tasks like
inspecting solar panels and wind turbine blades for
damage. They can also deliver specific payloads during
installations. One of my research contributions in this
area is detailed in the following publication https://doi.
0rg/10.1109/ACCESS.2021.3081483

Could you explain your work on phase shift and zero-
voltage switching in DC-to-DC converters? How do these
technologies impact power electronics?

Zero-voltage switching (ZVS) and zero-current swit-
ching (ZCS) significantly reduce switching losses, im-
proving the efficiency and reliability of power electro-
nic systems. These techniques are especially important
for modern power systems, but they require precise
timing and control to work effectively.
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Jste soucldsti projektu Refresh. MiiZete nam Fict vice o své

roli a jak Vase prispévky podporuji cile tohoto projektu?

Do projektu Refresh jsem se pFipojil v roce 2023. Mj
hlavni pfinos je v FeSeni vyzev integrace obnovitelnych
zdroji energie do sité, fizeni energie v mikrogridech

a v ndvrhu novych topologii vykonovych ménica.

Md prdce v ramci tohoto projektu poloZila zéklady pro
nové technologie udrZitelné energie.

Existuje néjaka novd technologie v oblasti obnovitelnych
zdrojd energie, ktera Vds obzvldst fascinuje?

urcité, napriklad morské viny. Energeticky potencial
mofrskych vin je obrovsky, ale technologie je stdle v po-
Cdtcich a je ndkladnd. Kombinace energie morskych vin
sesoldrni a vétrnou energii je slibnou oblasti vyzkumu.
Déle bude klicové Feseni problémd s kvalitou energie

v sitich pomoci pokrocilych technologii pro skladovani
energie a chytrych transformdtord.

Spolupracujete také s CEET, jaky vliv ma tato spoluprdce
na Vas vyzkum?

Od roku 2022 spolupracuji s CEET a spolecné s prof.
Stanislavem Misdkem, doc. LukdSem Prokopem

a dr. Vojtéchem BlaZzkem jsme provedli kvalitni vyzkum
v oblasti udrzitelnych energetickych technologii.

Tato spoluprdce byla zédsadni pro prozkoumani novych
myslenek a pokrok v modernizaci energetickych siti.

Vase prdce na adaptivnich a nelinedrnich Fidicich
systémech je velice zajimava. Jak tyto strategie zlepSuji
vykon systémd obnovitelné energie?

Proménlivost obnovitelnych zdroji energie ¢ini jejich
integraci do sité velkou vyzvu. Nelinedrni a adaptivni
Fidici systémy se dynamicky pfizplsobuji zménam vét-
ru, slunce nebo vinovych vzorcd, ¢imzZ zlepsuji ¢innost,
minimalizuji ztraty a zvysuji stabilitu sité.

Bylo béhem Vasi kariéry néco, co Vds prekvapilo - mozna
néjaky objev nebo védecky prilom?

You’re part of the Refresh project. Could you tell us
more about your role and how your contributions are
advancing its goals?

I joined the Refresh project in 2023. My primary focus is
on addressing grid integration challenges for renewable
energy, energy management in microgrids, and desig-
ning novel power converter topologies. My work has laid
a foundation for new sustainable energy technologies
within the project.

Is there an emerging renewable energy technology that
particularly excites you?

Ocean wave energy has tremendous potential, but the
technology is still in its infancy and costly. Combining
ocean wave energy with solar and wind is a promising
area of research. Additionally, tackling power quality
issues in grids through advanced energy storage and
smart transformers will be crucial.

You are cooperating with CEET, so how has this
partnership influenced your research?

Since 2022, I've been cooperating with CEET and to-
gether with Dr. Stanislav Misak, Dr. Lukas Prokop, and
Dr. Vojtech Blazek, we’ve conducted high-quality rese-
arch on sustainable energy technologies. This coopera-
tion has been instrumental in exploring new ideas and
advancing power grid modernization.

Your work on adaptive and nonlinear control systems is
fascinating. How do these strategies enhance renewable
energy systems?

Renewable energy’s variability makes grid integration
challenging. Nonlinear and adaptive control systems
dynamically adjust to changes in wind, solar, or wave
patterns, improving efficiency, minimizing losses, and
enhancing grid stability.

Has anything during your career surprised you—perhaps
adiscovery or breakthrough?

Jednou z hlavnich vyzev je integrace
obnovitelnych zdroju energie do
stdvajicich elektrickych siti.

NASIM ULLAH

Jednim z pFekvapivych objevi byla préce mého Ph.D.
studenta na model-free adaptivnim Fidicim systému
smoZnostmi uceni v konec¢ném Case. Tato metoda kom-
binuje jednoduchost a robustnost a poskytuje vysledky
srovnatelné s pokrocilymi nelinedrnimi ridicimi meto-
dami. Vice informaci se miZete docist v této publikaci
https://doi.org/10.1109/ACCESS.2020.3039947.

Pri tak Sirokém portfoliu projekt( je néjaky, na ktery jste
obzvlast hrdy?

Jednim z vynikajicich projektd byla disertacni préce,
kterou jsem ved|, na téma pokrocilych Fidicich metod
pro elektrochirurgicky generdtor. Tento vyzkum ved|
pfimo ke komercializovanému produktu, ktery resil
problémy jako tepelné poskozeni a sledovani vykono-
vé kFivky. Je skvélé vidét akademickou prdci, kterd ma
redlny dopad. https://aprustechnologies.com/consul-

tant/.

Ma& posledni otdzka bude, jakou radu byste dal zacinajicim
elektrotechnikim nebo védcim, ktefi vstupuji do tohoto
dynamického oboru?

Prijméte myslenku celoZivotni vzdélavani, rozvijejte své
dovednosti v Feseni problémi a aktivné spolupracujte

v ramci védeckych komunit. Tim nejen zlepSite své od-
borné dovednosti, ale také zistanete flexibilni v tomto
neustdle se vyvijejicim oboru.

One surprising discovery came from my Ph.D. stu-
dent’s work on a model-free adaptive control system
with finite-time learning capabilities. This method
combines simplicity and robustness, delivering results
comparable to advance nonlinear controls. More details
are in this publication https://doi.org/10.1109/AC-
CESS.2020.3039947.

With such a broad portfolio, is there a particular project
you’re most proud of?

One standout project was a Ph.D. thesis | supervised

on advanced control methods for an Electro Surgical
Generator. The research directly led to a commerciali-
zed product, addressing issues like thermal damage and
power curve tracking. It’s gratifying to see academic
work have a real-world impact https://aprustechnolo-
gies.com/consultant/.

Finally, what advice would you give aspiring electrical
engineers or researchers entering this dynamic field?

Embrace lifelong learning, develop strong problem-
-solving skills, and actively collaborate within scientific
networks. This will not only enhance your expertise but
also keep you adaptable in this ever-evolving field.

One major challenge is the integration
of renewable energy sources into
existing power grids.
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Dobry den, pane rediteli. Gratuluji k Vasemu zvoleni. Mohl
byste se ndm v pdr vétdch prfedstavit? Zajimalo by mé,
¢emu se na VEC vénujete a co Vds zde pfivedlo?

Po absolvovani inZenyrského studia na Katedre ener-
getiky Fakulty strojni VSB-TUO v roce 1994, a vojenské
civilni sluzbé tamtéz, jsem v roce 1996 nastoupil na dok-
torské studium pod vedenim prof. Noskievice. |iZ béhem
studii mé fascinovala energetika a zejména technologie
zamérené na sniZzovani emisi, coZ se pozdéji stalo jed-
nim z hlavnich témat mého profesniho zaméreni.

Vroce 1999 jsem byl u samotného vzniku Vyzkumného
energetického centra (VEC), které se od pocatku pro-
filovalo jako centrum aplikovaného vyzkumu v oblasti
energetiky. Spolecné s kolegy, pany Ochodkem a Hord-
kem, jsme zacali systematicky budovat mérici skupinu,

Good day, Mr. Borovec. Congratulations on your election
as a director of Energy Research Centre. Could you
introduce yourselfin a few sentences? | would be
interested to know what you focus on at ERC and what
brought you here.

After completing my engineering studies at the
Department of Energy Engineering at the Faculty of
Mechanical Engineering at VSB-TUO in 1994, and my
military civilian service there, | started my doctoral

studies under the supervision of Prof. Noskievic in 1996.

Even during my studies, | was fascinated by energy,
particularly technologies focused on reducing emissi-
ons, which later became one of the main themes of my
professional focus.

KAREL BOROVEC

kterd se v pribéhu let vypracovala mezi nejvyznamnéjsi
svého druhu. Nasim cilem bylo nejen ziskavat presna
data o spalovacich procesech a emisich, ale také vyvijet
a ovérovat nové metody jejich sniZovani.

Diky dlouholeté spolupréci s priimyslovymi partnery

i akademickou sférou se ndm podafrilo rozsifit zabér
centra od zékladnich méreni az po komplexni vyzkum
v oblasti optimalizace energetickych procesu. VEC se
tak postupné stal respektovanym odbornym pracovis-
tém, jeho? vysledky nachdzeji uplatnéni nejen v Ceské
republice, ale i v zahranici.

Dédle bych se zeptal, jaké jsou hlavni aktivity a zaméren/
Vyzkumného energetického centra?

Cinnost Vyzkumného energetického centra je ji? od
svého zaloZeni cilené orientovana na aplikacni sféru.
Neni tajemstvim, Ze jednim z nasich hlavnich vzor(

v organizaci a zaméreni byl Fraunhoferdv institut.
Predni némecka vyzkumna organizace tzce spolupra-
cujici s prumyslem se zamérenim na praktické vyuZiti
védeckych poznatkd. Stejnou filozofii jsme prFijalii my -
naslouchat potfebam primyslovych partnerd, reagovat
na legislativnizmény a pfipravovat vyzkumné projekty
s redlnym dopadem.

Nase prdce se soustfedi na inovace v energetice, tech-
nologie zvysovani ucinnosti energetickych celkd, snizo-
vani emisi, a pfedevsim na dekarbonizaci energetiky.

V této oblasti se zabyvdme napfiklad vyrobou vodiku

z obnovitelnych zdrojd, projektovanim fotovoltaickych
parki nebo optimalizaci energetickych systémd.

V poslednich letech jsme rovnéz tuspésni'v ndvrhu
energetickych uspor pro municipality a statni organi-
zace, ¢imZ pFispivdme ke sniZovani jejich provoznich
nékladd i uhlikové stopy.

Siroké spektrum nasich aktivit pfirozené vede

k diverzifikaci prijmd, coZ ndm umoZriuje stabilni rist

a vetsiodolnost vici vykyvim v jednotlivych sekto-
rech. Zdroven v$ak stdle vice sméfujeme k vyzkumnym
¢innostem, které reflektuji aktudlni vyzvy v energetice.
Nasim cilem je pfindset inovativni feseni, kterd pomo-
hou nejen primyslu, ale i celé spole¢nosti pfi pfechodu
k udrzitelnéjsi budoucnosti.

In 1999, | was part of the founding of the Energy Rese-
arch Centre (ERC), which from the beginning positio-
ned itself as an applied research centre in the field of
energy. Together with my colleagues, Mr. Ochodek and
Mr. Hordk, we began systematically building a measu-
rement group, which over the years has developed into
one of the most significant of its kind. Our goal was not
only to obtain accurate data on combustion processes
and emissions, but also to develop and validate new
methods for reducing them.

Thanks to long-term cooperation with industrial part-
ners and the academic community, we have been able
to expand the centre‘s focus from basic measurements
to comprehensive research in optimizing energy proce-
sses. Over time, ERC has become a respected research
facility, and its results are applied not only in the Czech
Republic but also internationally.

I would also like to ask, what are the main activities and
focus areas of the Energy Research Centre?

Since its inception, the Energy Research Centre (ERC)
has been deliberately focused on the application
sphere. It is no secret that one of our main models in
terms of organization and focus was the Fraunhofer
Institute, a leading German research organization that
works closely with industry, focusing on the practical
application of scientific knowledge. We adopted the
same philosophy - to listen to the needs of industrial
partners, respond to legislative changes, and prepare
research projects with real impact.

Our work focuses on innovations in energy, technolo-
gies for increasing the efficiency of energy systems,
reducing emissions, and primarily on the decarboniza-
tion of energy. In this area, we work on projects such as
the production of hydrogen from renewable sources,
the design of photovoltaic parks, and the optimization
of energy systems. In recent years, we have also been
successful in proposing energy savings for municipa-
lities and state organizations, thereby contributing to
reducing their operational costs and carbon footprint.

The wide range of our activities naturally leads to diver-
sification of income, which enables us to grow steadily
and become more resilient to fluctuations in individual
sectors. However, we are increasingly focusing on rese-
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Pojd'me nyni k projektim. Jaké projekty nebo iniciativy

Jednim z nejzdsadnéjsich projektu Vyzkumného energe-
tického centra byl projekt INEF (Inovace pro efektivitu
a Zivotni prostredi). V rdmci tohoto projektu byla vybu-
dovdna moderni vyzkumné-technologickd infrastruk-
tura, ktera vyznamné posilila nase kapacity a umoZnila
vznik novych vyzkumnych tymd. Toto spickové zazem/
je dnes aktivné vyuZivdno v fadé projektd, a to nejen

v ramci VEC, ale i v klicovych iniciativdch CEET

a VSB-TUO, jako jsou napfiklad Narodni centrum

pro energetiku nebo projekt Refresh.

V soucasné dobé plisobi ve VEC Ctyfi vyzkumné tymy,
znichZ kazdy se zaméruje na specifickou oblast energe-
tiky a Zivotniho prostredi. Spolecné pak tvorfi kompaktni
celek, ktery propojuje aplikovany vyzkum s redlnymi
potifebami priumyslu a vefejného sektoru.

Aplikace pro primysl a municipality - Tym Zderika
Neufingera svou vysoce cenénou urovni projekénich

a technickych sluZeb dosahl unikatni spoluprace s Na-
rodni rozvojovou bankou, kdy VEC patfi mezi 5 vybra-
nych spoleénosti v CR spolupracujicich s timto vyznam-
nym subjektem na pripravé EPC projektd. Jsou hlavnimi
dodavateli energetickych sluzeb pro firmu Bosch

v Jihlavé a vyhradnimi dodavateli projekénich sluzeb
voblasti OZE pro Porsche Praha.

Technologie pro Zivotni prostfedi - Tym pod mym vede-
nim je ve spoluprdci s Katedrou Energetiky a Fakultou
strojni VSB - TUO a ddle CVUT v Praze v posledni dekadé
hlavnim resitelem a poskytovatelem technologii
zamérenych na sniZovani rtuti v emisich ze spalovani
fosilnich a alternativnich paliv.

Moderni systémy vytdpéni - Tym Jifiho Rysavého,
ndstupce Jifiho Hordka alias SMOKEMANA, exceluje pfi
feseni problematiky monitoringu a sniZovdni hlavnich
polutantd v emisich z lokdInich topenist.

Inovace a bezpec¢nost - Tym vedeny Jdnem VereSem
svou vyzkumnou ¢innosti prepisuje normy v oblas-

ti poZdrni bezpecnosti a vyznamné spolupracuje na
projektech zamérenych na technologie vyroby vodiku
a syntetickych paliv z obnovitelnych zdroji. Vyznam-
nymi partnery jsou napfiklad Veolia Energie CR, a.s.,

arch activities that reflect the current challenges in the
energy sector. Our goal is to bring innovative solutions
that will help not only the industry but also society as a
whole in the transition to a more sustainable future.

Let’s now move to the projects. What projects or
initiatives would you consider the most successful in
recent years?

One of the most significant projects of the Energy
Research Centre was the INEF project (Innovations for
Efficiency and the Environment). As part of this project,
modern research and technological infrastructure

was built, significantly enhancing our capabilities and
enabling the formation of new research teams. This
state-of-the-art infrastructure is now actively used

in several projects, not only within ERC but also in key
initiatives of CEET and VSB-TUO, such as the National
Centre for Energy and the Refresh project.

KAREL BOROVEC

dominantni vyrobce energii v Moravskoslezském kraji,
nebo polska firma SBB Energy, s.a., kterd se podilela na
unikatni realizaci vodikového hospodarstvi z obnovitel-
nych zdroji energie ve firmé Promet Plast s.c.,

blizko Vratislavi.

Vratme se opét k Vam. Co je pro Vds osobné nejvétsim
uspéchem, kterého jste ve Vasi kariéfe dosahl?

Za svij nejvétsi profesni ispéch povaZuji vybudovani
konkurenceschopné a aplikacné uspésné skupiny pro
méreni emisi, kterd dnes plsobi pod nézvem Techno-
logie pro ochranu prostredi. Hlavnim pilifem nasi prace
bylo od poc¢atku hledédni novych metodickych postupd

v oblasti monitoringu emisi, v poslednich letech prede-
vsim se zamérenim na rtut, kterd podle nékterych studii
pfedstavuje vyznamnou ekologickou i zdravotni hrozbu.

Currently, ERC has four research teams, each focusing
on a specific area of energy and the environment. To-
gether, they form a cohesive unit that connects applied
research with the real needs of industry and the public
sector.

Applications for Industry and Municipalities - Zdenék
Neufinger’s team, with their highly regarded level of
design and technical services, has achieved unique co-
llaboration with the National Development Bank, with
ERC being one of five selected companies in the Czech
Republic working with this significant institution on the
preparation of EPC projects. They are the main suppli-
ers of energy services for Bosch in Jihlava and exclusive
suppliers of design services for renewable energy in the
Prague branch of Porsche.

Technologies for Environmental Protection - The

team under my leadership, in cooperation with the
Department of Energy and the Faculty of Mechanical
Engineering at VSB-TUO, as well as the Czech Technical
University in Prague, has been the leading researcher
and provider of technologies aimed at reducing mercu-
ry emissions from the combustion of fossil and alterna-
tive fuels over the past decade.

Modern Heating Systems - Jifi Rysavy’s team, successor
to Jifi Hordk alias SMOKEMAN, excels in solving issues
related to monitoring and reducing major pollutants in
emissions from local heating systems.

Innovation and Safety - The team led by Jan Veres is
rewriting standards in the field of fire safety and signi-
ficantly collaborating on projects focused on hydrogen

production and synthetic fuels from renewable sources.

Notable partners include Veolia Energie CR, a.s., the
dominant energy producer in the Moravian-Silesian
Region, and the Polish company SBB Energy, s.a., which
participated in the unique implementation of a hyd-
rogen economy from renewable energy at the Promet
Plast s.c. facility near Wroctaw.

Let’s return to you now. What do you consider to be the
biggest success you’ve achieved in your career?

| consider building a competitive and practically suc-
cessful emission measurement group, now operating
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JiZ od zaCdtku mého pusobeni'v této oblasti jsem vnimal
nedostatky tehdy dostupnych metod, které ¢asto
vykazovaly nepresné vysledky. Proto jsem se aktivné
vénoval vyvoji novych a pfesnéjsich postupd, které by
umoznily nejen spolehlivéjsi méreni, ale i efektivnéj-
Siregulaci emisi. Klicovym milnikem bylo validovani
kontinudlniho mérfeni rtuti a nasledna akreditace této
metodiky, coZ predstavovalo zdsadni prilom v oblasti
kvantifikace zdroju znecisténi.

under the name Technologies for Environmental Pro-
tection, to be my greatest professional achievement.
The core of our work from the very beginning was fin-
ding new methodological approaches in recent yearsin
the field of emission monitoring, particularly focusing
on mercury, which according to some studies poses a
significant ecological and health threat.

Since the start of my involvement in this area,

I recognized the shortcomings of the methods available
at the time, which often yielded inaccurate results.
That’s why I actively focused on developing new and
more precise methods that would allow not only more
reliable measurements but also more effective emissi-
on regulation. A key milestone was validating continuo-
us mercury measurement and subsequently accrediting
this methodology, which represented a significant
breakthrough in the quantification of pollution sources.

Thanks to these advancements, we created a methodo-
logy that greatly improved mercury emission measu-
rement and allowed for more targeted deployment

of technologies to reduce them. Our results are now
applied not only in the Czech Republic but also interna-
tionally, which confirms the importance of connecting
cutting-edge research with the real needs of industry
and legislation.

What are your visions and plans for the Energy Research
Centre in the future?

First and foremost, | hope that the Energy Research
Centre will solidify its position within the CEET structu-
re through its activities and results, significantly
contributing to the centre’s main strategic goals. Our
expertise and long-term experience position us as an
indispensable player in applied research in energy.

One of my goals is also to raise awareness of our work
and cooperation opportunities. It’s no secret that we
make significant contributions to initiatives aimed

at reducing the energy consumption of the campus,
but we primarily focus on cooperating with industrial
partners with whom we have established long-term
relationships. | see great potential for further develop-
ment and expansion of our activities in this area.

KAREL BOROVEC

Diky témto pokrokim se nam podaf¥ilo vytvofit metodi-
ku, kterd vyznamné zpresnila méreni emisi rtuti

a tim umoznila cilenéjsi nasazeni technologii pro jejich
sniZovani. NasSe vysledky dnes nachdzeji uplatnéni
nejen v Ceské republice, ale i na mezindrodni trovni,
coZ potvrzuje dileZitost propojeni Spickového vyzkumu
s redlnymi potfebami priimyslu a legislativy.

Jaké jsou Vase vize a plany pro Vyzkumné energetické
centrum do budoucna?

V prvni fadé bych si pral, aby Vyzkumné energetické
centrum (VEC) svou ¢innosti a vysledky potvrdilo své
pevné misto ve strukture CEET a vyznamné prispivalo

k hlavnim strategickym cilim centra. NaSe expertiza

a dlouholeté zkusenosti nds prfedurcuji k tomu, aby-
chom byli nepostradatelnym hracem v oblasti aplikova-
ného vyzkumu v energetice.

Jednim z mych cil(i je také zvysit povédomi o nasi
¢innosti a mozZnostech spoluprdce. Neni tajemstvim,

Ze vyznamné prispivame k iniciativdm zamérenym na
sniZeni energetické ndro¢nosti kampusu, ale primdrné
se soustfedime na spolupréci s primyslovymi partnery,
se kterymi mdme navdzanou dlouhodobou spoluprdci.
V této oblasti vidim velky potencial pro dalsi rozvoj

a roz$ifovani nasich aktivit.

Zdroven povaZuji za dileZité, abychom se aktivné podi-
leli na dekarbonizaci energetiky a svou praci pfispivali
ke spolecenské relevanci a udrZitelnému rozvoji. To v§e
pfizachovédni vysokych profesnich standardi a etickych
principd, které jsou pro nds zasadni.

Jednoduse Feceno - chceme byt klicovym partnerem
primyslovych podnikd pfi transformaci energetiky

a ve vsem, co délame, neusilujeme jen o to byt nejlepsi,
ale hlavné pfindset aplikovatelné vysledky.

Nejen mé, ale i nase ¢tendre by zajimalo, jaké technologie
nebo vyzkumné oblasti povaZujete za klicové pro budouci
vyvoj v energetice?

Soucasnd energetika prochadzi zasadni transformaci,
kterd se nejvice dotyka uhelnych regiond, kde se po
desetileti spoléhalo na vyuZivani fosilnich paliv. Nasim
hlavnim ukolem je nyni nachdzet efektivni a udrZitelna
reSeni pro jejich nahrazeni alternativnimi palivy, véetné
energetického vyuZiti odpad( a emisné neutralniho
vodiku.

At the same time, | consider it important for us to ac-
tively contribute to the decarbonization of the ener-
gy sector and to play a role in societal relevance and
sustainable development. All of this while maintaining
high professional standards and ethical principles,
which are essential to us.

Simply put - we want to be a key partner for industrial
enterprises in the transformation of the energy sector.
In everything we do, we don’t just aim to be the best,
but, more importantly, to deliver applicable results.

Not only me, but also our readers would like to know what
technologies or research areas you consider to be key for
future developments in the energy sector?

The current energy sector is undergoing a fundamental
transformation, with the most significant impact on
coal regions, where fossil fuels have been relied upon
for decades. Our main task now is to find effective and
sustainable solutions to replace them with alternati-
ve fuels, including the energy utilization of waste and
emission-neutral hydrogen.

I see hydrogen as one of the biggest challenges in to-
day’s energy sector. Its use offers a wide range of possi-
bilities, from industrial applications to transportation.
Thanks to our cooperation with the Moravian-Silesian
Region, we have developed a technology proposal, inc-
luding project documentation, for hydrogen production
from renewable energy sources directly located within
the campus. This hydrogen could serve, for example, for
public transport or infrastructure maintenance, which
represents a concrete step towards sustainable and
low-emission energy.

In terms of renewable energy sources, | consider energy
storage technologies crucial. Whether through new
materials or advanced storage technologies, | believe
that efficient energy storage will determine the success
of the energy transformation.

How does the Energy Research Centre cooperate with
industrial partners and what role does it play in the
application of scientific results into practice?

Cooperation with industrial partners has been a key
area for the Energy Research Centre since its inception.
The real needs of industry, which we address through
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Vodik vnimam jako jednu z nejvétsSich vyzev soucasné
energetiky. Jeho vyuZiti nabizi Siroké spektrum moz-
nosti - od prumyslovych aplikaci aZ po dopravu. Diky
spoluprdci s Moravskoslezskym krajem jsme pfipravili
ndvrh technologie, véetné projektové dokumentace,
pro vyrobu vodiku z obnovitelnych zdroji energie umis-
ténych primo v kampusu. Tento vodik by mohl slouZit
napfiklad pro méstskou hromadnou dopravu nebo
udrZbu infrastruktury, coZ predstavuje konkrétni

krok smérem k udrZitelné a nizkoemisni energetice.

Z hlediska obnovitelnych zdroji energie povaZuji za
klicové technologie pro skladovdni pfebytecné ener-
gie. At uZ formou novych materidld nebo pokrocilych
akumulacnich technologii. Myslim si, Ze pravé efektiv-
niukladdni energie rozhodne o uspéchu energetické
transformace.

Jak vlastné Vyzkumné energetické centrum spolupracuje
s prumyslovymi partnery a jakou roli hraje v aplikaci
vysledkii védy do praxe?

Spolupréce s priimyslovymi partnery je pro Vyzkumné
energetické centrum klicovou oblasti uz od jeho vzniku.
Redlné potreby priimyslu, které fesime v ramci hospo-
darské spoluprdce i spolec¢nych vyzkumnych projektd,
jsou zdkladem pro uspésny transfer védeckych poznat-
ki do praxe. Pravé propojeni akademického vyzkumu

s prumyslovymi aplikacemi ddva nasi praci konkrétni
dopad a umoZzriuje efektivné pfispivat k technologické-
mu rozvoji.

Nase aktivity se soustredi pfedevsim na technologie pro
snizovani emisi, zvySovani uc¢innosti a snizovani ener-

getické ndrocnosti, v rdmci kterych patfime mezi predni

technické skupiny v Ceské republice.

Vyznamnou oblasti nasi ¢innosti je realizace EPC pro-
jektd, diky nimZ patfime mezi pét hlavnich partnerd
Ndrodni rozvojové banky. Dlouhodobé spolupracujeme
s klicovymi hraci v energetice, mezi které patfi: Veolia
Energie CR, a.s., CEZ, a.s., Sev.en Engineering, s.r.o.,
Energeticky a priimyslovy holding, a.s., Lenzing Biocel
Paskov, a.s. a dalsi vyznamné primyslové podniky.

Bud'me ted'trochu konkrétnéjsi. Jaké jsou nejvétsi
vyzvy, které na centru aktudlné resite, a jak se s nimi
vyporddavate?

economic cooperation and joint research projects, form
the foundation for the successful transfer of scientific
knowledge into practice. It is precisely the integration
of academic research with industrial applications that
gives our work tangible impact and enables us to effec-
tively contribute to technological development.

Our activities focus primarily on technologies for
reducing emissions, increasing efficiency, and reducing
energy demand, in which we are considered one of the
leading technical groups in the Czech Republic.

Asignificant area of our work is the implementation of
EPC projects, which has positioned us among the top
five partners of the National Development Bank. We
have long-term cooperations with key players in the
energy sector, including Veolia Energie CR, a.s., CEZ,
a.s., Sev.en Engineering, s.r.o., Energeticky a prdmys-
lovy holding, a.s., Lenzing Biocel Paskov, a.s., and other
major industrial companies.

Let’s be more specific. What are the biggest challenges
you are currently tackling at the centre, and how are you
dealing with them?

At the moment, we are focusing on research and deve-
lopment of hydrogen technologies in the energy sector.
We are working on projects related to hydrogen produ-
ction from renewable sources, improving the efficiency
of its production, and measuring purity, which is critical
for fuel cells. In addition, we are developing materials
for energy storage and reducing emissions through
innovative catalysts and sorbents.

One of my priorities is developing a methodology for
hydrogen purity analysis, which we are working on with
the support of TACR and the Ministry of Industry and
Trade. We managed to obtain accreditation for sam-
pling and analysis of hydrogen purity from high-pressu-
re systems, which is a unique achievement in Europe.

At the same time, we are involved in the international
project Core-H2storage, led by the Fraunhofer Insti-
tute, where we are contributing to the development
of materials for efficient hydrogen storage. The next
workshop of this project will take place as part of our
conference Energy and the Environment in the Besky-
dy Mountains, held from September 8-10, 2025, at the
Sepetna Hotel.

Aktudlné se zamérujeme na vyzkum a vyvoj technologii
pro vyuZiti vodiku v energetice. Resime projekty spoje-
né s vyrobou vodiku z obnovitelnych zdrojd, zvysovanim
ucinnosti jeho produkce a mérenim Cistoty, kterd je
klicova pro palivové ¢lanky. Vedle toho se vénujeme
vyvoji material( pro ukladani energie a sniZzovani emisi
pomociinovativnich katalyzator( a sorbentu.

Jednou z mych priorit je vyvoj metodiky analyzy Cistoty
vodiku, na které pracujeme s podporou TACR a Mini-
sterstva primyslu a obchodu. Podarilo se ném ziskat
akreditaci pro odbér a analyzu Cistoty vodiku z vyso-
kotlakych systémd, coZ je v Evropé unikatni vysledek.

Zdaroveri jsme zapojeni do mezindrodniho projektu
Core-H2storage, vedeného Fraunhofer institutem, kde
se podilime na vyvoji materidld pro efektivni ukladani
vodiku. Dalsi workshop tohoto projektu probéhne

v rdmci nasi konference Energetika a Zivotni prostredi
v Beskydech 8.-10. zafi 2025 v hotelu Sepetna.

Hodné se ted’akcentuje udrZitelnost. Jak diileZitd pro
Vés je a jak ji promitdte do Vasich projekti a vyzkumu?

Udrzitelnost je vyznamnym parametrem vSech nasich
¢innosti. Vyzkumné prdce na novych technologiich

a optimalizaci stdvajicich jsou provddény zejména

s cilem zefektivnit jejich pfinos a zaroveri minimalizovat
dopad na Zivotni prostredi, a to pfi zajisténi co nejvét-
Siho benefitu pro spolecnost. Vse ale i s ohledem na
energetickou a ekonomickou ndrocnost. ,Ekologie
srozumem®* - to je motto, kterym se ridim pri kazdo-
denni profesni'i osobni ¢innosti.

Jsme u posledni otdzky. Zeptam se Vds, jaky by mél byt

Vds odkaz jako reditele Vyzkumného energetického
centra?

Zkratka VEC znamend nejen Vyzkumné energetické cen-
trum. D3 se také vyloZit jako tri slova: Vykonné, Efektiv-
né, Chytre. Takto bych chtél pozici Feditele vykondvat,
tak bych chtél, aby VEC fungovalo. Ostatné takové budu
mit ndroky na své spolupracovniky, bez jejichZ vykonné
prace, efektivnich ndpadd, chytrych postupi a v nepo-
sledni Fadé diavéry, bych na pozici Feditele VEC nebyl.

Sustainability is being highly emphasized right now. How
importantis it to you, and how do you incorporate it into
your projects and research?

Sustainability is a significant aspect of all our activities.
Our research on new technologies and the optimization
of existing ones is primarily aimed at enhancing their
effectiveness while minimizing their environmental im-
pact, all while ensuring the greatest possible benefit for
society. This is also done with consideration for energy
and economic efficiency. ,, Ecology with common sense ,,
- that is the motto I follow in both my professional and
personal life.

We are at the final question. Let me ask you, what should
your legacy be as the director of the Energy Research
Centre?

The abbreviation ERC not only stands for the Energy
Research Centre, but it can also be interpreted as three
words: Effective, Resilient, Creative. This is how | would
like to carry out my role as director, and how | would
like ERC to operate. After all, these are the expectations
I have for my colleagues, without whose efficient ideas,
dedicated work, creative approaches, and, not least,
trust, | wouldn’t be in the position of director of ERC.
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UZNAVANY VEDEC V OBLASTI FENOMENU

DEFLAGRATIVNIHO A DETONATIVNIHO
SPALOVANI, NEKONTROLOVANYCH
REAKCi, PROCESNi BEZPECNOSTI

A RIZIK KRITICKE INFRASTRUKTURY

Prof.

RECOGNIZED SCIENTIST

IN THE FIELD OF DETONATIVE
COMBUSTION PHENOMENA,
RUNAWAY REACTIONS, PROCESS
SAFETY, AND THE RISKS POSED
TO CRITICAL INFRASTRUCTURES

ERNESTO SALZANO

Ernesto Salzano je profesorem na Katedfe stavebniho,
chemického, environmentalniho a materidlového inze-
nyrstvi na Bolofiské univerzité. Kromé toho piisobijako
feditel magisterského programu Chemické a procesni
inzenyrstvi. V oblasti vyzkumu vede projekt CESAR

a zaroven se aktivné podili na FeSeni projektu REFRESH.

Dékujeme, Ze jste si na nds udélal cas. Mohl byste se
krdtce pfedstavit a popsat svou roli ve vyzkumné
skupiné, zejména v projektech Refresh a CESAR?

Jmenuji se Ernesto Salzano a v soucasnosti plisobim jako
profesor na Katedre chemického inZenyrstvi na Univer-
zité v Bologni. Zdroveri jsem feditelem bakalarskych,
magisterskych a mezindrodnich programd chemického
inZenyrstvi. Pochdzim z Neapole na jihu Itdlie, kde jsem
stravil priblizné 20 let v National Research Council

v Combustion Institute. Moje vyzkumné zdjmy jsou
riznorodé, ale zaméruji se pfedevsim na bezpeénost pFi
spalovaéni, hoFlavost materiald a procesni bezpecnost,

Professor Ernesto Salzano is a full-time Professor at the
Department of Civil, Chemical, Environmental, and Ma-
terials Engineering and Director of Second Cycle Degree
in Chemical and Process Engineering at the University of
Bologna. He is the lead researcher at CESAR and is also
involved in the REFRESH project.

Thank you for making the time for us, Mr. Salzano. Could
you briefly introduce yourself and describe your role in
the research group, particularly in the Refresh and CESAR
projects?

My name is Ernesto Salzano, and I’m currently a full-ti-
me professor at the Department of Chemical Enginee-
ring at the University of Bologna. | also serve as the
director for the bachelor’s, master’s, and international
chemical engineering programs. However, I’m not origi-
nally from Bologna. My hometown is Naples in southern
Italy. I spent about 20 years working there at the
National Research Council in the Combustion Institute.
My research interests are varied but primarily focus

on combustion safety, flammability of materials, and

ERNESTO SALZANO

véetné vyvoje udrZitelnych chemickych procest s di-
razem na bezpecnost. V projektu Refresh, ke kterému
jsem se neddvno pfipojil jako konzultant, poskytuji
externi odborné poradenstvi. Tento projekt md poten-
cidl k prohloubeni spoluprdce mezi nasi fakultou, CEET

a VSB-TUO. Podobné participuji i v projektu CESAR, ktery
je soucdsti programu Horizon, kde se vénuji vyzkumu

v podobnych oblastech.

Pojd'me déle. Co Vds plivodné inspirovalo ke specializaci
na navrhovani chemickych zdvodd, zejména s dirazem na
bezpecnost pred vybuchy?

Je to dlouhy pribéh. Zac¢al jsem pracovat s profesorem,
ktery byl jednim z prikopnik( v oblasti bezpecnosti pFi
vybuchu a procesnich rizik v Evropé jiz v 60. letech. Byl
uzndvanou osobnostiv oblasti priimyslové bezpecnosti
a provadél experimenty podobné tém, které se prova-
déji na VSB-TUO. Mdj prvni projekt v 90. letech se tykal
numerické simulace vybuchd plynd, pfi kterém jsem
hodné vyuZil zkuSenosti svého mentora. Jeho odborné
znalosti mé inspirovaly a byl jsem velmi stastny, Ze
mohu pracovat v této oblasti.

Jaké vyzvy Vas v kariére nejvice ovlivnily, zejména béhem

vedenilaboratofe pro vybuchy v National Research
Council?

V roce 1998 jsme ziskali znacné financni prostredky od
regiondlni viddy v Neapoli, coZ ndm umoZnilo zaloZit
novou laborator zamérenou na bezpecnost pfi vybuchu
a spalovani. Tento koncept byl tzce spjat s potfeba-

mi chemickych spolecnosti. ACkoliv jsem se predtim
vénoval pfevdzné numerickym simulacim, zacal jsem
pracovat s experimentdlnimi zarizenimi. Vytvoril jsem
tym, vedl laborator a publikovali jsme nékolik praci
zameérenych na problémy spojené se spalovanim.

Jak jste jako Feditel studii na Univerzité v Boloni ovlivnil
vyuku chemického inZenyrstvi, zejména v praktickych
aplikacich bezpecnosti?

process safety. This includes developing sustainable
chemical processes, often with an emphasis on safety.

In the Refresh project, which | joined recently as a
consultant, | provide external expertise. This project
has the potential for collaboration between our faculty,
CEET and VSB-TUO. I’'m also involved in another initia-
tive under the Horizon program, the CESAR project,
where | offer supportin similar areas of expertise.

Let ‘s move on. What first inspired you to specialize in
chemical plant design, particularly focusing on explosion
safety and processors?

It’s quite a long story. | began by working with a pro-
fessor who was one of the pioneers in explosion safety
and process risk in Europe in the 1960s. He was renow-
ned in the field of industrial safety and was one of the
first to conduct tests similar to those performed at VSB.
My first project in the 1990s was related to the numeri-
cal simulation of gas explosions, and | benefited greatly
from the expertise of my mentor, a highly respected
professor. His experience inspired me, and | felt very
fortunate to work in this field.

What challenges have stood out to you in your career,
especially during your time leading the explosion lab at
the National Research Council?

In 1998, we received substantial funding from the
regional government in Naples, where | was living. This
allowed us to establish a new lab dedicated to explosion
safety and combustion. The concept was closely tied

to the needs of chemical companies, and although my
previous experience had been in numerical simulation,

I then began working with experimental setups.

I assembled a team, led the lab, and we published
several papers focused on combustion-related issues.

As adirector of studies at the University of Bologna, how
have you influenced the teaching approach in chemical
engineering, especially regarding practical safety
applications?
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N&s studijni plan, at uZ italsky nebo mezinarodni, klade
velky didraz na bezpecnost. Vyucuji prdmyslovou chemii
na bakalarské i magisterské urovni a nabizime také kurz
vénovany bezpecnostiv procesnim inZenyrstvi. Pro mé
je privyuce chemickych procesu integrace bezpecnosti
vZdy na prvnim misté, at uZ jde o vyrobu amoniaku,
kyseliny dusi¢né nebo jiné aplikace. Studenti tak po-
chopi, Ze bezpelnost neni dodatecny prvek, ale zdkladni
soucdst chemického inZenyrstvi.

Mdte na svém konté celou Fadu zajimavych publikaci
a vyzkumd. MiZete se s ndmi podélit o nezapomenutelny
nebo prilomovy vyzkumny projekt z Vasi kariéry?

Mezi mé nejvyznamnéjsi prdce patfi studie o tzv.
,domino efektu“, coZ je pravdépodobnost eskalace
nehod v procesnim priimyslu, a vyzkum externich hro-
zeb pro chemické zdvody, jako jsou zemétreseni nebo
teroristické Utoky. Tyto studie zamérené na mitigaci
rizik jsou Siroce uzndvané a tvofi jadro mé préce.

Procesni bezpeénost a mitigace rizik jsou velmi dileZita
témata. Jaké vyznamné pokroky jste v této oblasti
zaznamenal?

Nejvétsi pokroky jsem zaznamenal pfi FeSeni externich
faktord ovlivriujicich chemické zévody, zejména diky
studiu domino efektu a konceptu Natech (pfiroze-

né a technologické hrozby). Tyto pfistupy byly velmi
vyznamné, stejné jako nové pristupy v oblasti chemické
kinetiky.

M3 dal$i otdzka bude na balancovani akademického
vyzkumu s vedenim doktorandd. Jak vyvaZujete
akademicky vyzkum s vedenim doktorandd v oblasti
praktickych bezpecnostnich opatreni, zejména v ramci
programu Future Earth, Climate Change and Societal
Challenges?

Jsem ¢lenem rady tohoto doktorského programu na
Univerzité v Bologni. Tento program je velmi multidis-
ciplingrni a zahrnuje studenty z riiznych obord, jako

Our curriculum—both the Italian and the international
one—places significant emphasis on safety. | teach
industrial chemistry at both bachelor’s and master’s
levels, and there’s also a course dedicated to safety in
process engineering. For me, teaching chemical proce-
sses, whether forammonia, nitric acid production, or
other applications, always involves integrating safety.
This ensures students understand that safety is an
inherent part of chemical engineering education, not
an afterthought.

You have a wide range of interesting publications and
research behind you, but can you share a memorable or
groundbreaking research project from your career?

My most influential work includes studies on the “do-
mino effect”, which examines the likelihood of acci-
dents escalating in process industries, and research on
external threats to chemical plants, like earthquakes or
terrorist attacks. These studies on risk mitigation have
been widely recognized and are central to my work.

Process safety and risk mitigation are very important
topics, so what significant advancements have you
observed in this field?

The biggest advancements have been in addressing
external factors affecting chemical plants, specifically
through the study of the domino effect and Natech,
which integrates natural and technological hazards—
has been transformative, along with new approaches in
chemical kinetics.

My next question will be on balancing academic research
with advising PhD students. Can you tell us how you
balance academic research with advising PhD students
on practical safety measures, particularly within Future
Earth, Climate Change and Societal Challenges program?

Iam a member of the board for this PhD program at the
University of Bologna. This program is highly multidis-
ciplinary, involving students from various fields such

ERNESTO SALZANO

je fyzika nebo socidlni védy. V tomto programu uéim
studenty o rizicich chemickych zévod(i v oblastech
ndchylnych k pfirodnim katastrofédm, jako byla na-
priklad havdrie ve Fukusimé, abych ukdzal prakticka
bezpecnostni opatreni. Tyto znalosti jsou zdsadni'i pro
verejné instituce a firmy, které casto nemaji dostatecné
povédomi o téchto rizicich.

Reknéte mi, jak se vyviji procesni bezpecnost v souvislosti
s rostoucim vyznamem externich faktord, zejména
sohledem na zménu klimatu?

V rdmci jednoho evropského projektu jsem spolupraco-
val s jadernymi inZenyry na pfizplsobeni bezpec¢nost-
nich standardd v pfipadé prirodni udélosti v jaderném
sektoru pro obecny primysl, protoZe tyto standardy
jsou velmi prisné kvdli nutnosti zabranit jakymkoliv
unikim. Spolupracoval jsem také s ENI, italskou ropnou
spolec¢nosti, na vyvoji pokynd pro hodnoceni rizik pFi-
rodnich uddlosti. Napfiklad jsme vyvinuli postupy pro
manazery ENI, jak postupovat béhem zemétreseni nebo
tsunami v pobrezZnich zdvodech.

Pojd'me se soustredit na budoucnost. Jak vidite vliv
své prdce na udrZitelné procesy v chemickém priimyslu
v budoucnu?

Udrzitelnost je nyni klicovym faktorem, ktery ovlivriuje
reputaci spolecnosti. Pro chemické zavody to znamena
nejen environmentdlni odpovédnost, ale i bezpecnost.
Nékteré mé prace se zaméruji na vyzvy spojené

s vodikem, coZ je slibny, ale technologicky i bezpecnost-
né narocny zdroj energie.

Jsme témér na konci naseho rozhovoru. Jedna z mych
poslednich otdzek bude, zda mdte néjakou radu pro
mladé vyzkumniky, kteri se zajimaji o prdmyslovou
bezpecnost a environmentdlni dopad?

Mladivyzkumnici by méli mit dobré znalosti a pev-

né zdklady v chemii, fyzice a chemickém inZzenyrstvi

- pochopeni termodynamickych principd je zésadni.
Primyslovd bezpecnost a environmentdlni dopady jsou

as physics or social science. For example, in this PhD
program, | teach students about the risks of chemi-

cal plants located in areas prone to natural hazards,
using events like the Fukushima disaster to illustrate
practical safety measures. This knowledge is critical for
authorities, who often have limited insight into these
risks.

With the rising importance of considering external
factors, how is process safety evolving, particularly with
climate change?

Within a European project, I've worked with nuclear
engineers on adapting safety standards for natural
events from the nuclear sector to general industry,

as these standards are stringent due to the need to
prevent any releases. Additionally, | collaborated with
ENI, an Italian oil company, to develop risk assessment
guidelines for natural events. For instance, we provided
ENI’'s managers with procedures to follow in the event
of an earthquake or tsunami at coastal plants.

Let s focus on the future. How do you see your work
on sustainable processes impacting the future of the
chemical industry?

Sustainability is now a key reputational factor for
companies. For chemical plants, this means not only en-
vironmental responsibility but also safety. Some of my
work has focused on the challenges posed by hydrogen,
a promising but complex energy source that presents
difficulties from safety and technological perspectives.

We are almost at the end of the interview. One of

my last questions will be if you have any advice for
young researchers interested in industrial safety and
environmental impact?

They should have a solid foundation in chemistry,
physics, and chemical engineering—understanding
thermodynamic principles is essential. Industrial safety
and environmental impact are interdisciplinary, so they
need to be open-minded and knowledgeable in various

Iyl
CEET

29



CEET NEWSLETTER

interdisciplindrni témata, takZe musi byt otevreni a mit
znalosti z riiznych obord. ManaZer musi napfiklad cha-
pat aspekty fyziky, ndvrhu zévodd i disledky prirodnich
katastrof. Vdseri a zdjem o riiznorodé oblasti jsou ale
klicove.

fields. A manager, for example, must grasp aspects

of physics, plant design, and even the implications of
natural disasters. Passion and an interest in different
areas are crucial.

My last question. How do you stay updated on

M3 posledni otdzka. Jak z(istdvdte v obraze ohledné
vyvoje vchemickém inZenyrstvi a jaké oblasti maji
potencidl pro budouci vyzkum?

developments in chemical engineering, and what areas
hold potential for future research?
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udrZitelnost je nyni klicovym faktorem,
ktery ovliviiuje reputaci spolecnosti.

Diky online pFistupu k ¢asopisiim, konferencim, ale

v obraze. Evropa vsak ztratila své centrdlni postaveni
v oblasti védeckych inovaci ve prospéch zemi, jako jsou
USA, Cina, Korea a Japonsko, coZ zdiirazriuje potfebu
obnovit investice do vyzkumu.

Potencial budouciho vyzkumu vidim v oblastech, jako
jsou nové technologie pro baterie a vodikové hospo-
darstvi. Z pohledu primyslové bezpecnosti by byly
pfinosné systémy véasného varovani pred pfirodnimi
uddlostmi a inovace v metoddch skladovani a prepravy
vodiku. Co se tyce vodiku, vidim budoucnost spise

v lokdlni produkci nebo v novych skladovacich techno-
logiich, napfiklad vyuZiti kapalnych organickych nosici
vodiku pro mobilni aplikace.

Staying updated is easier now with online access to
journals, conferences, and collaboration with colleagu-
es and companies. Europe, however, has lost its central
role in scientific innovation to countries like the U.S.,
China, Korea and Japan, which underscores the need for
renewed investment in research.

Future research holds promise in several areas, such

as new battery technologies and hydrogen economy.
From the industrial safety perspective, early warning
systems for natural events could be beneficial, as would
advancements in hydrogen storage and transport
methods. For hydrogen, | see the future leaning more
towards on-site production or new storage technolo-
gies, as eg the use of liquid organic hydrogen carriers
for mobile applications.

Sustainability is now a key reputational

factor for companies.
Ernesto

Salzano

Tradi¢ni metody skladovani vodiku, jako je stlaceny plyn
nebo kapalny vodik, maji své limity a rizika. S rozvojem
pokrocilych technologii se vSak oteviraji nové moznosti,
které mohou zcela zménit zplsob, jakym uchovavame

amanipulujeme s vodikem.

Mezi tyto inovativni metody patfi skladovani vodiku

v metalhydridech, coZ jsou chemické slouceniny, ve kte-
rych je vodik vazan na kovovy prvek nebo slitinu. Metal-
hydridy umoznuji bezpecné a efektivni uchovavani vodiku
v pevné formé. Jednou z dal$ich moZnosti pro ukladani

Traditional methods of hydrogen storage, such as com-
pressed gas or liquid hydrogen, have their limitations

and risks. However, with the development of advanced
technologies, new possibilities are emerging that could
completely change the way we store and handle hydro-

gen.

Among these innovative methods is hydrogen storage in
metal hydrides, which are chemical compounds where
hydrogen is bonded to a metal element or alloy. Metal
hydrides allow for safe and efficient storage of hydro-
genin solid form. Another promising method is complex
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vodiku jsou komplexni hydridy, které vyuzivaji chemické
vazby mezi vodikem a dal$imi prvky, coz poskytuje vyso-
kou hustotu vodiku. Skladovani vodiku v nanostrukturdch
uhliku, jako jsou uhlikové nanotrubicky a grafen, nabizi
obrovskou povrchovou plochu pro adsorpci vodiku, ¢imz
dochdzi k nartstu kapacity pro skladovani. | kdyZ uhlikové
nanostruktury maji velky potencial, jejich redlna kapacita
pro uchovavani vodiku je zatim pfedmétem vyzkumu

a nemusi byt prakticky tak vysoka, jak se ptivodné oceka-
valo. Sklenéné mikrokuli¢ky jsou jednou z dalSich zajima-
vych metod, kde jsou malé duté sklenéné koule naplnény
vodikem pod vysokym tlakem, coZz umoZziuje bezpecné

a kompaktni skladovani. Tato technologie je stale ve fazi
vyvoje a jeji komercializace neni bézna. Vodik Ize také
uchovavat jako soucast chemickych sloucenin, jako jsou
amoniak nebo kapalné organické nosice vodiku, které
umoznuji transport a skladovani vodiku v kapalné formé
pfi pokojové teploté. Tim se vyrazné zvysuje bezpeénost
a prakti¢nost téchto technologii.

Metalhydridy: Kli¢ k bezpe€nému a efektivnimu
skladovani vodiku

Metalhydridy predstavuji posun v oblasti skladovani
vodiku. Jejich schopnost bezpecné a efektivné uchovavat
vodik a kontrolované ho uvolfiovat déld z téchto slouce-
nin klicovy prvek v rozvoji vodikové ekonomiky. V Centru
energetickych a environmentalnich technologii se zamé-
fujeme na FeSenijedné z klicovych vyzev této technologie
- tepelného managementu.

Rizeni teploty je zasadni pro optimalizaci procesti absorp-
ce adesorpce vodiku. BEhem absorpce vodiku dochazi

k uvolfiovdni tepla (exotermicky proces), zatimco pfi
desorpci se teplo spotfebovava (endotermicky proces).
Efektivni fizeni teploty mlZe vyrazné urychlit oba tyto
procesy.

Metalhydridy maji nékolik vyznamnych prednosti. Jejich
vysoka absorpcni kapacita umoznuje skladovat velké
mnozstvi vodiku v kompaktnim prostoru. Vodik vazany
v metalhydridu je v pevné formé, coz snizuje riziko tuniku
avybuchu, a tim i zvySuje bezpecnost. Dalsi vyhodou je
jejich reverzibilita. Metalhydridy miZou byt opakova-
né nabijeny a vybijeny bez vyrazného poklesu vykonu.
Kontrolované uvolfiovani vodiku je dlezité pro aplikace

hydrides, which use chemical bonds between hydrogen
and other elements, offering high hydrogen density. Sto-
ring hydrogen in carbon nanostructures, such as carbon
nanotubes and graphene, provides a large surface area
for hydrogen adsorption, increasing storage capacity.
While carbon nanostructures show great potential, their
real-world hydrogen storage capacity is still under rese-
arch and may not be as high as initially anticipated. Glass
microspheres are another interesting method, where
small hollow glass spheres are filled with hydrogen under
high pressure, allowing for safe and compact storage.
This technology is still under development and is not yet
widely commercialized. Hydrogen can also be stored as
part of chemical compounds, such as ammonia or liquid
organic hydrogen carriers (LOHCs), which allow for the
transport and storage of hydrogen in liquid form at room
temperature. This significantly increases the safety and
practicality of these technologies.

Metal Hydrides: The Key to Safe and Efficient
Hydrogen Storage

Metal hydrides represent a significant advancement in
hydrogen storage. Their ability to safely and efficiently
store hydrogen and release it in a controlled manner
makes them a key component in the development of the
hydrogen economy. At the Centre for Energy and Envi-
ronmental Technologies (CEET), we focus on addressing
one of the key challenges of this technology—thermal
management.

Temperature control is crucial for optimizing hydrogen
absorption and desorption processes. During hydrogen
absorption, heatis released (an exothermic process),
while during desorption, heat is consumed (an endother-
mic process). Efficient temperature management can
significantly accelerate both processes.

Metal hydrides have several key advantages. Their high
absorption capacity allows for the storage of large
amounts of hydrogen in a compact space. Hydrogen sto-
red in metal hydrides is in solid form, which reduces the
risk of leaks and explosions, thereby enhancing safety.
Another advantage is their reversibility. Metal hydrides
can be repeatedly charged and discharged without sig-
nificant performance degradation. Controlled hydrogen

INOVATIVNI METODY PRO UKLADANI VODIKU /
INNOVATIVE METHODS FOR HYDROGEN STORAGE

vyZadujici pfesnou regulaci pritoku plynu, jako jsou pali-
voveé ¢lanky.

Potencidl vyuZiti metalhydridd je obrovsky. V energetice
umoznuji efektivni skladovdni energie ve formé vodiku,
coz je klicové pro rozvoj vodikovych palivovych ¢lank

a dalsich technologii vyuzivajicich vodik jako zdroj ener-
gie. Tyto technologie mohou snizit zavislost na fosilnich
palivech a prispét ke snizeni emisi sklenikovych plyn(.

V primyslovych aplikacich nachdazeji uplatnéni v metalur-
gii, chemickém pramyslu a pfi vyrobé elektronickych za-
fizeni, kde je potfeba bezpecné skladovat a manipulovat
s vodikem. V automobilovém primyslu se metalhydridy
pouzivaji jako palivové nadrze pro vozidla na vodikovy po-
hon, coZz umoznuje bezpecné a efektivni skladovani vodiku
v kompaktnim prostoru vozidla. Vysokd vaha metalhyd-
ridd omezuje jejich praktické pouziti v béznych vozidlech.
Nicméné maji potencidl hlavné v ndkladni dopravé,
pfipadné u vlakd, kde umoziuji bezpecné a efektivni
skladovani vodiku v kompaktnim prostoru nadrze. Jejich
dalsi prednostije také fakt, Ze mohou slouzit jako zdloZni
zdroje energie pro kritické infrastruktury, jako jsou ne-
mocnice, datovd centra a komunikacni systémy, zajistujici
nepfetrzitou dodavku energie v p¥ipadé vypadka.

Nase dlouhodoba vize zahrnuje nejen feseni soucasnych
vyzev, ale i prlizkum novych moznosti a inovaci, které
mohou jesté vice rozsifit vyuzitelnost metalhydridd

v budoucnosti. Implementace téchto technologii v
rdznych primyslovych odvétvich pFispiva ke zvyseni ener-
getické ucinnosti, snizeni

ekologického zatizeni a pod-

pofe udrzitelného rozvoje.

Metalhydridy tak predsta-
vuji vyznamny krok vpred

v oblasti skladovani a ma-
nipulace s vodikem. Jejich
pokrocilé vlastnosti a Siroka
uplatnitelnost slibuji revo-
luci v mnoha préimyslovych
odvétvich, ¢imz pFindseji

release is important for applications requiring precise gas
flow regulation, such as fuel cells.

The potential for metal hydrides is enormous. In the
energy sector, they enable efficient energy storage in the
form of hydrogen, which is crucial for the development
of hydrogen fuel cells and other hydrogen-based energy
technologies. These technologies can reduce dependence
on fossil fuels and contribute to the reduction of green-
house gas emissions. In industrial applications, metal
hydrides are used in metallurgy, the chemical industry,
and the production of electronic devices, where the safe
storage and handling of hydrogen are required. In the au-
tomotive industry, metal hydrides are used as fuel tanks
for hydrogen-powered vehicles, allowing for the safe and
efficient storage of hydrogen in the vehicle’s compact
space. However, their high weight limits their practical
use in regular vehicles. They hold more promise in freight
transport or trains, where they enable safe and effici-
ent hydrogen storage in a compact tank space. Another
advantage is their potential as backup power sources for
critical infrastructure, such as hospitals, data centers, and
communication systems, ensuring a continuous power
supply in case of outages.

Our long-term vision includes not only solving current

challenges but also exploring new possibilities and in-

novations that could further expand the applicability of

metal hydrides in the future. Implementing these techno-

logies across various industries contributes to increased
energy efficiency, reduced
environmental impact, and
the promotion of sustaina-
ble development.

Metal hydrides represent

a significant leap forward
in hydrogen storage and
handling. Their advanced
properties and wide range
of applications promise to
revolutionize many indust-
ries, bringing a safer, more
efficient, and environmen-
tally friendly future.
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MyH2 2000: nizkotlakova vodikova nddrz

V soucasné dobé probihaji v Centru ENET CEET experi-
menty na metalhydridech MyH2 2000. Jde o pokrocilou
nizkotlakovou plnitelnou vodikovou nadrz navrzenou pro
bezpelné a efektivni skladovani vodiku. Tato technologie
vyuziva metalhydridy, konkrétné kovovy prasek, ktery
absorbuje vodik do chemické matrice, coz umoziuje re-
verzibilni proces nabijeni a vybijeni nadrze. Diky tomu Ize
nadrz opakované plnit a vyprazdnovat podle potieby.

Vodikovd nadrz ma nominalni kapacitu 180 gram{ vodiku
(2 Nm?), maximalni provozni tlak 30 barl a vnitini objem
valce 3 litry. Lahev je navrzena pro vysokou bezpecnost

a efektivitu ajeji hlavni vyhodou je prédce s relativné niz-

kym tlakem. To minimalizuje rizika spojena s manipulaci

s vodikem.

PFi nabijeni, coZ je exotermicky proces, je nutné nadrz
chladit studenou vodni koupeli (10-15 °C). Naopak pfi
vybijeni, které je endotermické, se doporucuje ohfivani
nadrze v horké vodni koupeli (40-55 °C), aby se opti-
malizovala efektivita procesu. Rizeniteploty (thermal
management) je klicové pro efektivni priibéh téchto
procest, protoZe spravné fizeni teploty mlze vyrazné
urychlit absorpci a desorpci vodiku, ¢imz zvySuje celkovou
efektivitu systému.

Toto zafizeni je idedIni pro skladovani Cistého plynného
vodiku, ktery Ize ndsledné vyuzit k vyrobé elektrické
energie pomoci palivovych ¢lankl. Samotny proces pak
pfispiva k udrzitelnym energetickym feSenim.

»Metalhydridy nabizeji vysokou kapacitu
pro uloZeni vodiku, zvysenou bezpec-
nost a mozZnost opakovaného vyuZiti
bez ztraty vykonu. Nasim cilem je
optimalizovat tepelny manage-

ment metalhydridd tak, abychom
maximalizovali uc¢innost absorpce

a desorpce vodiku.“

MyH2 2000: Low-Pressure Hydrogen Tank

Currently, experiments on MyH2 2000 metal hydrides are
being conducted at ENET Centre CEET. This is an advanced
low-pressure refillable hydrogen tank designed for the
safe and efficient storage of hydrogen. This technology
uses metal hydrides, specifically metal powder, which
absorbs hydrogen into a chemical matrix, allowing for
the reversible charging and discharging of the tank. This
means the tank can be refilled and emptied as needed.

The hydrogen tank has a nominal capacity of 180 grams of
hydrogen (2 Nm?®), a maximum operating pressure of 30
bars, and an internal cylinder volume of 3 litres. The tank
is designed for high safety and efficiency, and its main
advantage is operating at relatively low pressure, minimi-
zing the risks associated with handling hydrogen.

During charging, an exothermic process, the tank needs
to be cooled with a cold-water bath (10-15°C). Converse-
ly, during discharging, which is an endothermic process,
itis recommended to heat the tankin a hot water bath
(40-55°C) to optimize process efficiency. Thermal ma-
nagement is key to the efficient performance of these
processes, as proper temperature control can significant-
ly accelerate hydrogen absorption and desorption, thus
increasing the overall efficiency of the system.

This device is ideal for storing pure gaseous hydrogen,
which can subsequently be used to generate electricity
via fuel cells. This process contributes to sustainable
energy solutions.

“Metal hydrides offer high capacity for hyd-
rogen storage, enhanced safety, and the
ability to be reused without perfor-
mance loss. Our goal is to optimize
) the thermal management of metal
Lubomira hydrides to maximize the effici-
Drozdova ency of hydrogen absorption and
desorption.”

Védci z CEET Daniel Cvejn, Pavlina Peikertova a Petr Praus
se zamfieli na mechanismus syntézy bérem dopovaného
grafitického nitridu uhliku. Spole¢né zkoumaji, jak
chemické mechanismy B-dopovani ovliviuji strukturu

a vlastnosti téchto materiald, coZ hraje zasadni roli pfi
jejich optimalizaci pro praktické aplikace. Své poznatky
publikovali také v ¢asopise Materials Today Chemistry

a dnes jsme vyzpovidalijednoho z autord €lanku, Daniela
Cvejna, ktery nds s touto problematikou seznami
podrobnéji.

PFejdéme rovnou k prvni otdzce. Reknéte mi, co je
grafiticky uhlikovy nitrid (g-C,N,) a pro€ je povaZzovén za
nadéjny material budoucnosti?

Zndte , Faraonovy hady“? Je to takovy demonstrac-
ni experiment, ktery ma nadchnout déti pro chemii.

Researchers from CEET, Daniel Cvejn, Pavlina Peikertova,
and Petr Praus, have focused on the on the mechanism
of synthesis of boron-doped graphitic carbon nitride.
Together they are investigating how the chemical
mechanisms of B-doping affect the structure and
properties of these materials, which plays a crucial role
in their optimisation for practical applications. Their
findings have also been published in the journal Materials
Today Chemistry, and today we interviewed one of the
authors of the paper, Daniel Cvejn, who introduces us to
this topicin more detail.

Let‘s go straight to the first question. Tell me, what is
graphitic carbon nitride (g-C,N,) and why is it considered
a promising material of the future?

Are you familiar with “Pharaoh‘s Serpents”? It’s a
demonstration experiment designed to excite children
about chemistry. Nowadays, it’s done with various
recipes, the most famous involving sucrose, ethanol,
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se sachardzou, lihem a jedlou sodou. Ale to neni plvodni
receptura. Pivodné se délal tak, Ze se zapdlil rhodanid
rtutnaty (Hg(SCN),) otevienym plamenem. Z relativné
malé hromddky bilého prasku se za vyslehnuti plamene
stanou , hadi“ popela o zhruba tisicindsobném objemu.
BohuZel, puvodni reakce uvolriuje toxické pary ele-
mentarni rtuti a sirouhliku, takZe je dneska prakticky
nemozné ji détem predvést.

DdileZité ale je, Ze ten popel, co vznikd, je nitrid uhliku
(znecistény sulfidem a oxidem rtutnanym). Je to smés
vice krystalickych forem tohoto nitridu, ale nejzastou-
pengjsije tam ten grafiticky (nds g-C,N,). Dusik a uhlik
poskldadany do vzdjemné spojenych heterocyklickych
,dlaZzdic“. Dnes mdame samozrejmé trochu jiné metody
pfipravy g-C,N,. Ale celé to zacCalo témi ,hady*, které
Friedrich Wéhler predved| poprvé verejné nékdy roku
1821.

Proc nds zajimd 200 let potom? e to polovodic. Nejen
vtom elektrickém slova smyslu, ale i v tom optickém.
Tedy je moZné ho pomoci svétla ,budit“, aby pfeddval
elektrony jinym ldtkdam, Ci je od nich pFijimal. A to je
zdklad oboru, kterému fikdme katalyza. V souc¢asnosti
vétsina katalyzatord, které mame, jsou latky na prin-
cipu kovi (palladia, iridia, niklu, hliniku apod.) a jejich
sloucenin. V g-C,N, mame Idtku, kterd je sloZena z uhli-
ku a dusiku, jednéch z nej¢astéjsich prvkd ve vesmiru,
amobhla by svést totéZ. Proto védce tolik zajima.

Zni to velmi zajimaveé. Proc jste vlastné zkoumali borové

dopovani g-C,N,, a k lemu by to mohlo byt uZitecné?

To je dobrd otdzka. U g-C,N, se obecné ukazuje, Ze neni
aZ tak ddleZity prvek. Respektive je dileZity svymi
unikdtnimi vliastnostmi, ale neni to cely pfibéh, kterym
pozmériujeme jeho strukturu. Jde spiSe o zpusob, jakym
ho dokdZzeme do struktury navdzat. Pokud napfiklad
budeme do struktury vpravovat fosfor, prévé zplisob,
kterym bude ve strukture vazan, bude rozhodovat, zda
vytvorime kuprikladu lepsi katalyzator, nebo jeho pravy
opak. Latku, kterd dokaZe zpomalovat nékteré reakce

- napfiklad hofeni. To se miZe, jak vime z nedavnych
udalosti, vcelku hodit. Tedy, kromé dopovdni samotnym

and baking soda. However, that’s not the original recipe.
Originally, it was made by ignition of mercuric thiocyanate
(Hg(SCN),) with an open flame. From a relatively small pile
of white powder, ,,snakes“ of ash, about a thousand times
the original volume, emerge in a burst of flame. Unfortuna-
tely, the original reaction releases toxic fumes of elemental
mercury and carbon disulfide, making it practically impo-
ssible to show this to children today.

But the important thing is that the ash that is produ-
ced is carbon nitride (with mercuric oxide and sulfide as
impurities). It‘s a mixture of several crystalline forms of
this nitride, but the most prevalent is the graphitic form
(our g-C.N,). It consists of nitrogen and carbon arranged
in interconnected heterocyclic , tiles.“ Of course, we have
different methods for preparing g-C N, today, but it all
began with those ,snakes“that Friedrich Wéhler publicly
demonstrated around 1821.

Why are we interested in it 200 years later? It’s a se-
miconductor—not only in the electrical sense but also
optically. This means it can be excited by light to transmit
electrons to or receive electrons from other substances,
which is fundamental to the field of catalysis. Currently,
most catalysts we use are based on metals (like palladium,
iridium, nickel, aluminum, etc.) and their compounds. With
g-C,N,, we have a material made of carbon and nitrogen,
two of the most common elements in the universe, capable
of performing similar functions. That’s why it attracts so
much attention from scientists.

That sounds very interesting. So why why did you investigate
boron doping of g-C,N , in the first place, and what could it be
useful for?

That’s a good question. In the case of g-C N, it turns out
that the element itself isn’t necessarily the most impor-
tant factor. While the element is significant due to its
unique properties, it’s not the whole story when it co-

mes to altering its structure. What really matters is how
we incorporate it into the structure. For example, if we
introduce phosphorus into the structure, the way it bonds
within the material will determine whether we create a
better catalyst or, conversely, a substance that slows down
certain reactions—like combustion. This, as we’ve learned

BOREM DOPOVANY GRAFITICKY NITRID UHLIKU /
BORON-DOPED GRAPHITIC CARBON NITRIDE

prvkem, md pomérné zésadni dileZitost zkoumat, jak
se vaZe v kone¢ném materialu a co to znamend pro jeho
vlastnosti. My jsme zvolili bér zejména z toho divodu,
Ze tam je ten charakter vazani pomérné malo prozkou-
many. Spousta védcl je schopna délat bérem dopované
nitridy uhliku, ale malokdo zkoumd do hloubky, co to
vlastné pripravil. A to i v pfipadé téch, co pfipravi mate-
ridl, co se jevi jako uZitecny pro katalyzu néjaké reakce
Cijiné pouZiti.

Ma néjaky zdsadni divod pouZiti kyseliny borité

a kyanoguanidinu pfi zkoumani dopace?

Kyanoguanidin a kyselinu boritou jsme zvolili ze dvou
vzdjemné souvisejicich ddvodd. Tim prvnim je, Ze je to
pomérné castd kombinace u téch, co se snaZi pfipravit
bérem dopovany g-C.N,. Tim druhym je, Ze se jednd

o nebyvale levné materidly, takZe za relativné mélo
penéz Ize udélat pomérné hodné experimentd.

Zajimalo by mé, pro¢ je dileZité, Ze dopovany CN
absorbuje viditelné svétlo? Lze toho néjak vyuzit?

Viditelné svétlo je jeden z nejjednodussich a nejdostup-
néjsich zdroji energie, které lidstvo md. Zejména ve
dne. Pokud dovedeme ucinné budit (excitovat) mate-
ridl viditelnym svétlem, jsme na cesté tuto energii vyu-
Zivat. V tomto pfipadé tfeba k chemickym pfeménam.
Logicky pak nemusime vyuZivat energii jinou, napfiklad
tu pochazejici z fosilnich paliv.

Rozumim a navdZu hned dalsi otdzkou. MiZe B-CN prinést
pokrok pfi vyrobé soldrnich ¢lankd nebo baterii?

Stru¢nd odpovéd by asi byla, Ze miZe. Otdzka je
samozrejmé jak. A tam musim Fict, Ze zatim nejsme
dostatecné daleko. V obecné roviné muzu jen potvrdit,
Ze materialy na principu dopovaného g-C\N, se
ivsoldrnich ¢lancich i v bateriich pouzivaji. Dokonce

v nékolika rolich. Treba jako transportéry dér i jako
pevné elektrolyty. K cemu budou ty nase materidly,

je naddle pfedmétem naseho vyzkumu.
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from recent events, can be quite useful. So, beyond
just doping with an element, it’s crucial to explore how
that element bonds within the final material and what
that means for its properties. We chose boron primarily
because the bonding character is not well understood.
Many scientists are capable of creating boron-doped
carbon nitrides, but few really investigate in depth
what exactly has been created. This is true even for
those who produce materials that appear useful for
catalyzing reactions or other applications.

Is there a specific reason for using boric acid and
cyanoguanidine in your doping experiments?

We chose cyanoguanidine and boric acid for two in-
terrelated reasons. The first is that this combination

is quite common among those attempting to prepare
boron-doped g-C,N,. The second reason is that these
are unusually inexpensive materials, which means we
can conduct a significant number of experiments for
relatively little cost.

I wonder, why is it important that the doped CN absorbs
visible light? Can this be utilized in any way?

Visible light is one of the simplest and most accessible
sources of energy available to humanity, especially
during the day. If we can effectively excite a material
using visible light, we’re on our way to harnessing that
energy. In this case, for chemical transformations, for
example. Logically, this means we wouldn‘t need to rely
on other sources of energy, such as fossil fuels.

I understand, and I‘ll follow up with another question.
Could B-CN lead to advancements in the production of
solar cells or batteries?

The short answer would probably be yes, it can. The

real question is how. And | must say that we’re not
quite there yet. On a general level, | can confirm that
materials based on doped g-C,N, are already being used
in solar cells and batteries, even in multiple roles. For
instance, as hole transporters and solid electrolytes.
What our materials will be used for is still the subject of
our research.
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Reknéte mi, co jsou katalyticka centra v B-CN a jak mohou
pomoci v boji proti klimatickym zménam, napfiklad pfi
zachycovani CO,?

To, co jsme v pFipadé nasich B-CN materidld odhalili,

a tady je nutné znovu zddraznit, Ze to nejsou nebo ne-
musi byt stejné materidly jako jiné publikované B-do-
pované nitridy, je viceméné to, Ze soucasnd teorie toho,
jak katalyticky pusobi, nemdZe byt pravda. Vétsina véd-
cu, co se v soucasnosti zabyvaji B-dopovanim nitridu
uhliku by asi Fekla, Ze za jeho katalytické vlastnosti jsou
zodpovédné Lewisovsky kysela centra, kterd tam vna-
Sibor. My jsme viceméné ukazali, Ze nase B-CN materi-
dly Zadnd takova centra nemaji. TakZe to nemohou byt
katalyticka centra. MiZe to byt tim, Ze nase materialy
jsou trochu odlisné od téch, co syntetizuji jini. Nebo to
muZe byt tim, Ze katalytické pisobeni téch materiald
chdapeme Spatné. Strucné feCeno, v podstaté vime, jakd
katalytickd centra v tom materidlu nejsou. CozZ nds spis
vraci na zacdtek ohledné toho, jakd tam tedy jsou. Tak
to prosté ve védeé byva.

Na zdvér se zeptam, jak si myslite, Ze miZe vyvoj
B-dopovaného CN prispét k udrZitelnéjsim technologiim
a zlepseni kvality Zivota?

Asi dileZitéjsi, neZ pfimy dopad na udrZitelné techno-
logie je, Ze jsme pFinesli nové poznatky o mechanismu
dopovani bérem. Ty mohou pomoci pri ndvrhu novych
materidld, nejen pro soldrni ¢lanky, baterie Ci katalyzu.
Pokud s pomoci vypocetni techniky ¢i Al navrhneme, at
uZ my, nebo nékdo jiny, néjakou uZiteCnou B-dopo-
vanou strukturu, diky témto vysledkim madme vétsi

$anci ji pFipravit. To povaZzuji za nds hlavni pfinos. ’ ’

Materidl pIné vyuZijme, aZ kdyZ pocho-
pime jeho strukturu.

Can you tell me what catalytic centers are in B-CN and
how they might help in the fight against climate change,
for example in CO, capture?

What we have discovered with our B-CN materials—
and it‘simportant to emphasize that these may not be
the same materials as other published boron-doped
carbon nitrides—is essentially that the current theory
on how they catalytically function might not be accura-
te. Most scientists working with boron doping of carbon
nitride would likely say that the catalytic properties are
due to the Lewis acidic centers introduced by boron.
We’ve shown that our B-CN materials do not have these
centers. Therefore, they cannot be catalytic centers.
This could be because our materials are somewhat
different from those synthesized by others, or it could
be that we’re misunderstanding the catalytic behavior
of these materials. In short, we essentially know what
catalytic centers are not present in the material, which
brings us back to square one in terms of what might
actually be there. That’s just how science works.

Finally, how do you think the development of B-doped
CN can contribute to more sustainable technologies and
improving the quality of life?

Perhaps more important than the direct impact on
sustainable technologies is that we have provided new
insights into the mechanism of boron doping. These
findings can aid in the design of new materials, not only
for solar cells, batteries, or catalysis. If we, or someone
else, use computational techniques or Al to
propose a useful B-doped structure, our results
increase the likelihood of successfully synthesi-
sing it. | see this as our principal contribution.

To harness a material’s full poten-
tial, we must first understand its
Structure.

DENIE
Cvejn

CEET WORKSHOP

9. prosince 2024

Ctvrty ro¢nik workshopu
CEET, se uskutecnil

v kulturnim domé Poklad.
Workshop nabidl zcela
novy format v podobé
panelovych diskuzi, které
byly zaméreny na klicova
témata, jako jsou nano-
technologie, udrzitelnost,
zeleny vodik ¢i kvalita
ovzdusi a vody.

9th December 2024

The fourth annual CEET
workshop took place at

the Poklad Cultural Center.

The workshop introduced
an entirely new formatin
the form of panel discussi-
ons focused on key topics
such as nanotechnology,
sustainability, green hyd-
rogen, and air and water
quality.
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