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1 Introduction and the aim of the work

Models are an essential part of every type of industrial activity.
Based on their complexity, models can rely on a few equations or be
expressed in complex mathematical terms. In the case of chemical
reactors, the mathematical model should contain the proper
thermodynamic and kinetic equations. The most detailed Kkinetic
model possible, which describes the reaction system includes all the
reactions that every single component in the system undergoes.
When dealing with a multi-component mixture, it is a difficult task
to consider all reactions of every single component, and the proper
validation of this kind of complex model is simply not feasible.
Even, if it is possible to measure the change in the concentration of
each component, (in a complex reaction system) the isolation of the
effects of the different reactions on one component concentration is
possible only with a high level of uncertainty. To solve these tasks,
in the past few decade researchers have been developed two main
approaches (lumped and molecular models), in which model
simplification and order reduction became central problems.

In this work, various approaches to modelling complex
chemical processes and phenomena are investigated, drawing on
mathematical models. Key aspects include the development of
lumped models to describe catalytic hydrocracking experiments,
providing insights into the phenomena of catalyst fouling and the
development of yield distribution functions. Additionally, the study
delves into the selection and optimization of thermodynamic models
for hydrogen solubility in hydrocarbons, emphasizing the importance
of proper model selection based on operating conditions.
Furthermore, a method is proposed to address retention time drifts in
gas chromatography analyses of complex mixtures, enabling easier
comparability and analysis of chemical changes during processes
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like plastic waste pyrolysis. Moreover, computational methods
integrating molecular similarities and Kovats retention index are
explored to refine qualitative analysis in catalytic pyrolysis
processes. Despite computational challenges, the study demonstrates
significant insights into molecular composition estimation,
underscoring the need for further refinement and validation of
computational techniques using high-level measurement properties.



2 Theses

Thesis #1. | extended the discrete-lumped modeling approach by
incorporating catalyst deactivation models to provide a more
complex description of catalyst fouling.

e | have investigated catalyst deactivation phenomena in case
of hydrocracking of sunflower oil and kerosene mixture.
The investigation includes development of lumped models
to describe the chemical system, moreover catalyst
deactivation models were integrated into the kinetic model
to improve estimation performance.

Related publications: 1

Thesis #2. | revised the continuous-lumped modeling approach to
better describe the spatial and temporal changes in a hydrocracker
reactor.

e | have developed a novel continuous lumping approach to
model hydrocracking chemistry, enabling to analyze
changes over time and space to optimize residence time and
selectivity for enhanced process efficiency. Furthermore, |
have developed a Gaussian mixture model to optimize the
model selection for solubility estimation of hydrogen under
varying operating conditions.

Related publications: 2, 5

Thesis #3. | developed new computational methods for qualitative
analysis in catalytic pyrolysis by integrating molecular similarity
measures and retention indices to refine the estimation of molecular
compositions

e | have developed computational methods integrating
molecular similarities and retention indices to refine the
estimation of molecular compositions in catalytic pyrolysis.
The first part of this development involved a fast and simple
clustering algorithm to eliminate time drifts between
chromatograms using easily accessible prior information.



e The second part consisted of formulating and solving a
linear programming problem that applies molecular
similarity measures to further refine the estimation of
molecular compositions.

Related publications: 3, 4

3 Utilization of the results and future aims

Overall, the thesis underscores the importance of advanced
computational techniques, and innovative modeling approaches in
advancing sustainable energy production and waste management
practices within the chemical engineering domain. Each chapter
contributes unique insights and methodologies towards optimizing
chemical processes for environmental and economic sustainability.

Further steps may include the introduction of a novel model, based
on the extended continuous lumping approach and the developed
approach for hydrogen solubility estimation. The combination of
those two approaches would be resulted in an accurate model which
can estimates the pressure dependency as well. Moreover, the
developed molecular composition estimation can be the cornerstone
for a new, single-event type modelling approach, in which the
estimated composition would be the basis of reaction pathway
identification.
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