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gasification agent to feed ratio." Biomass Conversion and Biorefinery (2020): 1-10.
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SUKHA, Irina V. - GUBINSKY]I, Mikhailo V. - KIZEK, Jan. Performance of an Adsorptive
Heat-Moisture Regenerator Based on Silica Gel-Sodium Sulphate. In Sustainability
[elektronicky zdroj]. Vol. 12, iss. 14 (2020), s. [1-15], art. no. 5611. ISSN 2071-1050 (2019:
2.576 - IF, Q2 - JCR Best Q, 0.581 - SJR, Q2 - SJR Best Q). V databaze: DOI:
10.3390/su12145611 ; SCOPUS: 2-s2.0-85088645333 ; CC: 000554739400001.
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Infiltration on Combustion Process Changes in a Rotary Tilting Furnace. In Processes. Vol.
8, iss. 10 (2020), s. 1-16, art. no. 1292. ISSN 2227-9717 (2019: 2.753 - IF, Q2 - JCR Best
Q, 0.403 - SJR, Q2 - SUR Best Q). V databaze: DOI: 10.3390/pr8101292 ; CC:
000586991400001.

25. HANUS, Kristian - VARINY, Miroslav - ILLES, Peter. Assessment and Prediction of
Complex Industrial Steam Network Operation by Combined Thermo-Hydrodynamic
Modeling. In Processes. Vol. 8, iss. 5 (2020), s. [1-26], art. no. 622. ISSN 2227-9717 (2019:
2.753 - IF, Q2 - JCR Best Q, 0.403 - SJR, Q2 - SJR Best Q). V databaze: DOI:
10.3390/pr8050622 ; SCOPUS: 2-s2.0-85086102104 ; CC: 000541752600057.
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27. Ali A. Jazie, Juma Hydary, Suhad A. Abed, Mohamed F. Al-Dawody, Hydrothermal
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production, odoslané do: Biochemical Engineering Journal
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29. J. Haydary, P. Suhaj, M. Soral, Semi-batch gasification of refuse-derived fuel (RDF),
odoslané do: Processes.
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Croatia, ISBN: 978-953-6886-23-4, Lecture
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gasification of alcohols, International congress, Energy and Environment 2016, October 26-
28, 2016, Opatia Croatia, ISBN: 978-953-6886-23-4, Poster

3. Juma Haydary, Ludovit Jelemensky, Jozef Dudas, Conceptual Design of a Two Stage
Pyrolysis-Gasification Network for Waste Biomass Conversion, SET Plan 2016 — Central
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4. Haydary Juma, Solid Waste Gasification-Current Developments and Challenges. In
BLAHUSIAK, M. -- MIHAL, M. Proceedings of the 44th International Conference of SSCHE,
Demanovska dolina, May 22-26, 2017. 1. vyd. Bratislava: Slovak Society of Chemical
Engineering, 2017, s. 247. ISBN 978-80-89597-58-1.

5. Mandal, S, Bhattacharya, T.K. , Haydary Juma, Influence of temperature and gas flow
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MIHAL, M. Proceedings of the 44th International Conference of SSCHE, Demanovska
dolina, May 22-26, 2017. 1. vyd. Bratislava: Slovak Society of Chemical Engineering, 2017,
s. 723. ISBN 978-80-89597-58-1.

6. Suhaj Patrik, Haydary Juma, Marko$ Jozef, Gasification of Refused-Derived Fuel (RDF)
in Batch Two Stage Laboratory Setup. In BLAHUSIAK, M. -- MIHAL, M. Proceedings of the
44th International Conference of SSCHE, Demanovska dolina, May 22-26, 2017. 1. vyd.
Bratislava: Slovak Society of Chemical Engineering, 2017, s. 731. ISBN 978-80-89597-58-1.
7. Husar Jakub, Steltenpohl Pavol, Haydary Juma, Tar decomposition using
heterogenenous catalysts. In BLAHUSIAK, M. -- MIHAL, M. Proceedings of the 44th
International Conference of SSCHE, Demanovska dolina, May 22-26, 2017. 1. vyd.
Bratislava: Slovak Society of Chemical Engineering, 2017, s. 732, ISBN 978-80-89597-58-
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of the 44th International Conference of SSCHE, Demanovska dolina, May 22-26, 2017. 1.
vyd. Bratislava: Slovak Society of Chemical Engineering, 2017, s. 741. ISBN 978-80-89597-
58-1.
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11. Haydary Juma, Two stage gasification of ligno-cellulosic waste biomass, Proceeding of
10 th word Congress of Chemical Engineering, 1th-5th October, 2017, Barcelona Spain, pp.
2690, ISBN: 978-84-679-8629-1

12. Haydary Juma, Suhaj Patrik, Two stage pyrolysis/gasification of solid waste for tar

free high hydrogen content syngas production, Invited lecture, Sustainable industrial
processing summit, 2017, 22-26 October 2017, Cancun, Mexico.

13. HAYDARY, Juma. Pyrolysis and gasification of organic solid waste. In Proceedings of
the 45th International Conference of the Slovak Society of Chemical Engineering, Tatranské
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14. HUSAR, Jakub - SUHAJ, Patrik - HAYDARY, Juma. Comparison of char catalysts for tar
decomposition. In Proceedings of the 45th International Conference of the Slovak Society of
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vyd. Bratislava : Slovak Society of Chemical Engineering, 2018, USB klu¢, s. 19. ISBN 978-
80-89597-89-5.

15. SUHAJ, Patrik - HUSAR, Jakub - HAYDARY, Juma. Catalytic gasification of refuse
derived fuel in laboratory scale reactor. In Proceedings of the 45th International Conference
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[elektronicky zdroj]. 1. vyd. Bratislava : Slovak Society of Chemical Engineering, 2018, USB
kfug, s. 20. ISBN 978-80-89597-89-5.
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International Conference on Reuse and Recycling of Materials (ICRM 2018), 9-11 March
2018, Kottayam, Kerala, India. 1. vyd. Kottayam, Kerala : IUCNN, 2018, S. [4]. ISBN 978-
93-5300-475-0. Pozvana prednaska

17. HAYDARY, Juma - HUSAR, Jakub - SUHAJ, Patrik. Catalytic tar cracking in biomass
and waste gasification. In VENICE2018, 7th international symposium on energy from
biomass and waste gasification, 15.-18.10.2018 [elektronicky dokument]. 1. vyd : IWWG -
International Waste Working Group, 2018, S. [3]. ISBN 9788862650137
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liquid and gaseous fuels in a screw reactor. In Fourth International Conference on Reuse
and Recycling of Materials (ICRM 2018), 9-11 March 2018, Kottayam, Kerala, India. 1. vyd.
Kottayam, Kerala : IUCNN, 2018, S. [1]. ISBN 978-93-5300-475-0.

19. VARINY, Miroslav - HANUS, Kristian - ILLES, Peter. Steam network operation efficiency
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MAGNANIMITAS, 2018, S. 1008-1015. ISBN 978-80-87952-27-6
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védecké pracovniky, 17.-21.12.2018 [elektronicky zdroj]. 1. vyd. Hradec Kralové :
MAGNANIMITAS, 2018, S. 999-1007. ISBN 978-80-87952-27-6
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Conference on Bioresource Technology for Bioenergy, Bioproducts & Environmental
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Sustainability, 16 - 19 September, 2018, Sitges, Spain. Poster

22. J. Husar, P. Suhaj, J. Haydary, K. Gazdova, THE INFLUENCE OF GASIFIER
CONDITIONS ON CATALYTIC DECOMPOSITION OF TAR IN DUAL PYROLYSIS-
GASIFICATION REACTOR, 2nd International Conference on Bioresource Technology for
Bioenergy, Bioproducts & Environmental Sustainability, 16 - 19 September, 2018, Sitges,
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Conference of the Slovak Society of Chemical Engineering. 1. vyd. Bratislava : Slovak
Society of Chemical Engineering, 2019, S. 110. ISBN 978-80-8208-011-0.
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International Conference of the Slovak Society of Chemical Engineering. 1. vyd. Bratislava :
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Engineering, 2019, S. 227. ISBN 978-80-8208-011-0.

32. HRUSKA, Michal - VARINY, Miroslav. Modern ways of chemical recovery processes in
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Engineering, 2019, S. 113. ISBN 978-80-8208-011-0.

33. VARINY, Miroslav - JEDINA, Dominika - ILLES, Peter - MIERKA, Otto - DUDAS, Jozef.
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rich stream splitting process. In Proceedings of the 46th International Conference of the
Slovak Society of Chemical Engineering. 1. vyd. Bratislava : Slovak Society of Chemical
Engineering, 2019, S. 89. ISBN 978-80-8208-011-0.
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biomass and waste gasification. In Bringing science with technology: A Renaissance in
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Optimisation of the gasification agent to feed ratio. In Heraklion 2019 [elektronicky
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Atény : National Technical University of Athens, 2019, S. [2].
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Interdisciplinary Scientific International Conference for PhD students and assistants, 24.-
28.6.2019, Hradec Kralové [elektronicky zdroj,] : Recenzovany sbornik pfispévka. 1. vyd.
Hradec Kralové : Magnanimitas, akademické sdruzeni, 2019, S. 946-952. ISBN 978-80-
87952-30-6. AFC

43. VARINY, Miroslav - SVISTUN, Ladislav - KOVAC, Norbert. Intenzifikacia procesu
delenia butanov. In QUAERE 2019, ro¢€. IX., Interdisciplinary Scientific International
Conference for PhD students and assistants, 24.-28.6.2019, Hradec Kralové [elektronicky
zdroj,] : Recenzovany sbornik pfispévku. 1. vyd. Hradec Kralové : Magnanimitas,
akademické sdruzeni, 2019, S. 927-936. ISBN 978-80-87952-30-6. AFC

44. VARINY, Miroslav - SIMASEK, Martin. Zvy$enie energetickej G&innosti rafinérie
indtalaciou splyfiovaca tazkych ropnych zvyskov. In QUAERE 2019, ro€. IX.,
Interdisciplinary Scientific International Conference for PhD students and assistants, 24.-
28.6.2019, Hradec Kralové [elektronicky zdroj,] : Recenzovany sbornik pfispévku. 1. vyd.
Hradec Kralové : Magnanimitas, akademické sdruzeni, 2019, S. 917-926. ISBN 978-80-
87952-30-6. AFC

45. NAGY, Karol - VARINY, Miroslav - MIHALIK, Michal - HALAS, Jozef. Vplyv nastreku a
nastavenia kfu€ovych parametrov na kvalitu vakuového zvy$ku. In Mezinarodni Masarykova
konference pro doktorandy a mladé védecké pracovniky 2019 : Recenzovany sbornik
pFispévkl mezinarodni védecké konference. 1. vyd. Hradec Kralové : Magnanimitas
akademické sdruzeni, 2019, S. 1332-1339. ISBN 978-80-87952-31-3.

46. SEITZ, Juraj - VARINY, Miroslav - BAKOS, Jan - EVIN, Martin. Vyhodnotenie
pracovného cyklu katalyzatora. In Mezinarodni Masarykova konference pro doktorandy a
mladé védecké pracovniky 2019 : Recenzovany sbornik pfispévkd mezinarodni védecké
konference. 1. vyd. Hradec Kralové : Magnanimitas akademické sdruzeni, 2019, S. 1313-
1322. ISBN 978-80-87952-31-3.

47. SUTH, Rébert - VARINY, Miroslav - GABRIS, Peter - GASPAROVIC, Lukas.

48. Vyhodnotenie vplyvu zniZenia zanasania vymennikov tepla na prevadzke destilacie
ropy. In Mezinarodni Masarykova konference pro doktorandy a mladé védecké pracovniky
2019 : Recenzovany sbornik pfispévkl mezinarodni védecké konference. 1. vyd. Hradec
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Kralové : Magnanimitas akademické sdruzeni, 2019, S. 1340-1346. ISBN 978-80-87952-31-
3.

49. SVISTUN, Ladislav - VARINY, Miroslav - LUBUSKY, Karol - KOVAC, Norbert.
Obmedzenie vykyvov tlaku v rektifikacnych koldnach upravou ich hlavovej €asti. In
Mezinarodni Masarykova konference pro doktorandy a mladé védecké pracovniky 2019 :
Recenzovany sbornik pfispévkl mezinarodni védecké konference. 1. vyd. Hradec Kralové :
Magnanimitas akademické sdruzeni, 2019, S. 1323-1331. ISBN 978-80-87952-31-3.

Uplatnenie vysledkov projektu

V septembri 2020 sme podpisali ZoD s priemyselnym partnerom so zamerom vyvinut
priemyselnu pilotnu jednotku dvojstupriového splyfiovania odpadu a biomasy na zaklade
laboratorneho prototypu, ktory bol vyvinuty v ramci tohto projektu. Dria 16.09.2020 bol na
neformalnej navsteve nasho laboratdria predseda viady SR pan Igor Matovi¢ a zaujimal sa
vyluéne o vysledky nasho vyskumu v oblasti termo-katalytického spracovania odpadov kvéli
jeho zapracovaniu do zameru vlady SR pre zelenu ekonomiku. V poslednom roku je velky
zaujem o vysledky projektu zo strany priemyselnych partnerov. S najva¢sou
pravdepodobnostou v blizkej buducnosti budeme svedkami vyrobnej jednotky postavene;j
na zaklade vysledkov dosiahnutych v ramci tohto projektu.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Cielom tohto projektu bolo skumanie termicko-katalytického rozkladu vysokomolekulovych
latok syntetického a prirodného pdvodu v dvojstupriovom pyrolyzno-splynovacom zariadeni.
Predmetom skumania boli rézne zmesné polymérne odpadové materidly a lignocelulézovej
odpadovej biomasy. Projekt riesil otazky suvisiace so zniZzovanim obsahu dechtov v
produkovanom plyne, so zvySovanim konverzie uhlika a s heterogenitou suroviny. Takisto
projekt skumal matematické modelovanie uvedenych procesov vratane materialovej a
energetickej integracie. Termicko-katalyticky rozklad odpadu sa realizoval v dvojstupriovom
pyrolyticko-splyfiovacom systéme pouzitim lacno dostupnych katalyzatorov a parcialnej
oxidacie v druhom stupni.

V prvej etape projektu sme charakterizovali viac ako 30 komponentov tuhého odpadu z
hladiska ich termického rozkladu, elementarneho zlozenia, vyhrevnosti a reakéného tepla. V
nasledujucich etapach v dvojstupfiovom splynovacom zariadeni sme skumali vplyv zlozenia
suroviny, procesovych parametrov a typu pouzitého katalyzatora v sekundarnom stupni na
mnozstvo a zloZenie plynu a obsah dechtu v plyne. Vybudovali sme prietokovu laboratérnu
jednotku, umozfujucu premenu réznych typov heterogénnych odpadov na plyn s nizkym
obsahom dechtu a vysokym obsahom CO a H2. Procesy termického rozkladu odpadu a
biomasy sme Studovali aj pomocou matematického modelovania. Vyvinuli sme matematické
modely jednotlivych stupfiov procesu a kompletny pocitaovy model jednotky. Medzi
Ciastkoveé vyrieSené ulohy v tomto smere patri rovnovazny model dvojstupnového
splynovania biomasy a RDF, model vypoctu vlastnosti zmesi na zaklade vlastnosti
jednotlivych komponentov, kinetika termického krakovania ropnych zvySkov, modelovanie
Cistenia plynu, modelovanie vyroby metanolu zo syntézneho plynu, modelovanie procesu
suSenia, modelovanie sieti ohrevnej pary a detailny model skrutkového pyrolyzneho
reaktora.

Vsetky vytyCené ciele a vysledky projektu boli dosiahnuté nad o&akavanu uroven. Vdaka
projektu vzniklo doteraz celkom 17 publikacii v karentovanych €asopisoch, 9 publikacii v
recenzovanych ¢asopisoch registrovanych v databazach Web of Science alebo SCOPUS,
2 kapitoly v knihach vydanych v medzinarodnych vydavatelstvach a 53 konferenénych
prispevkov. Témy dizertacnych prac troch doktorandov suviseli s rieSenim projektu. Témy
11 diplomovych, 4 bakalarskych prac a 8 technologickych projektov suviselo s rieSenim
projektu. Bol vyvinuty a testovany laboratérny prototyp jednotky dvojstupriového splyriovania
odpadu a biomasy a komplexny matematicky pocitaovy model procesu priemyselnych
rozmerov. Projekt vyvolal Styri medzinarodné spoluprace a Styri nové projekty vyskumu a
vyvoja, z ktorych dve uspesne ziskali financie. Vyskum problematiky pokracuje novym
projektom APVV (Vyroba plynu s parametrami kvality plynného paliva, splyfovanim tuhého
odpadu a biomasy -APVV -0170) so zamerom konverzie zmesného odpadu na plyn
spifajuci parametre kvality plynného paliva.
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Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v anglickom jazyku
(max. 20 riadkov)

The aim of this project was to investigate the thermal-catalytic decomposition of high-
molecular substances of synthetic and natural origin in a two-stage pyrolysis-gasification
unit. The subject of the research was various mixed polymeric waste materials and
lignocellulosic waste biomass. The project addressed issues related to reducing the tar
content of the produced gas, increasing carbon conversion and dealing with raw material
heterogeneity. The project also examined mathematical The aim of this project was to
investigate the thermal-catalytic decomposition of high-molecular substances of synthetic
and natural origin in a two-stage pyrolysis-gasification unit. The subject of the research was
various mixed polymeric waste materials and lignocellulosic waste biomass. The project
addressed issues related to reducing the tar content of the produced gas, increasing carbon
conversion and dealing with raw material heterogeneity. The project also examined
mathematical modeling of these processes, including material and energy integration. The
thermal-catalytic decomposition of the waste was carried out in a two-stage pyrolysis-
gasification system using low-cost catalysts and partial oxidation in the second stage.

In the first stage of the project implementation, we characterized more than 30 components
of solid waste in terms of their thermal decomposition, elemental composition, calorific value
and heat of reaction. In the following stages, we investigated the influence of the
composition of the raw material, process parameters and type of catalyst used in the
secondary stage of a two-stage gasifier on the amount and composition of gas and gas tar
content. We have built a continuous laboratory unit, enabling the conversion of various types
of heterogeneous waste into a gas with low tar content and high CO and H2 content. We
also studied the processes of thermal decomposition of waste and biomass using
mathematical modeling. The models of individual process stages and a complete computer
model of the unit were developed. Partial solutions solved in this direction include
equilibrium model of two-stage gasification of biomass and RDF, model of calculation of
properties of mixtures based on properties of individual components, kinetics of thermal
cracking of oil residues, modeling of gas purification, modeling of methanol production from
synthesis gas, modeling of drying process, heating steam network modeling and a detailed
model of a screw pyrolysis reactor.

All set goals and results of the project were achieved above the expected level. Thanks to
the project, a total of 17 publications in SCI peer-reviewed journals, 9 publications in peer-
reviewed journals registered in Web of Science or SCOPUS databases, 2 chapters in books
published by international publishers and 53 conference papers have been published. The
topics of the dissertations of three PhD. students were related to the solution of the project.
The topics of 11 diploma theses, four bachelor's theses and 8 technological projects were
related to the project solution. A laboratory prototype of a two-stage waste and biomass
gasification unit and a comprehensive mathematical computer model of an industrial-scale
process were developed and tested. The project has given rise to four international
collaborations and four new research and development projects, 2 of which have
successfully received funding. The research will continue with a new APVV project
(Production of fuel quality gas by solid waste and biomass gasification - APVV-19-0170)
with the intention of converting mixed waste into gas meeting the parameters of gaseous
fuel quality.
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