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STOCHASTICITY IN BIOREACTION ENGINEERING: OPPORTUNITIES
AND CHALLENGES FOR BIOPROCESS INDUSTRIES

Duygu Dikicioglu
Department of Biochemical Engineering, University College London, United Kingdom

Corresponding Author: Duygu Dikicioglu (d.dikicioglu@ucl.ac.uk)

Abstract

Stochasticity in bioreaction and bioprocess engineering refers to the inherent randomness and variability that arise in
biological systems due to factors like molecular fluctuations, gene expression noise, variability in enzymatic activity, and
environmental conditions. Biological stochasticity can be advantageous not only for the living system, but also for novel
bioproduct and bioprocess design and development. Stochastic behaviour allows individual cells or organisms to respond
differently to the same stimuli allowing a broader range of phenotypes to be explored. Random mutations introduce variability
that can help populations explore better adaptation, thus increasing evolutionary potential. Stochasticity allows flexibility
and robustness in uncertain environments preventing the system from committing to a single solution but instead allowing it
to explore a range of strategies in parallel. Arguably the most process-relevant characteristic of biological stochasticity is its
inherent affinity for exploration allowing living systems exploit beyond known successful strategies, thus ensuring potentially
better options, too, to be evaluated.

However, such stochastic behaviour can directly influence the growth performance of cell populations in bioreactors as well
as the efficiency of metabolic pathways, leading to varying product yields and quality, in addition to probable process
instability. Understanding and modelling these random cellular fluctuations are crucial for optimising bioprocesses, as they
can impact everything from cell growth to substrate consumption and product formation. Stochasticity can pose serious
challenges rendering process control difficult, decreasing reproducibility, and necessitating sophisticated monitoring and
modelling techniques to be implemented to ensure consistent bioprocess performance. Successful control strategies often
require incorporating stochastic elements themselves to improve robustness and predictability in large-scale bioproduction
systems.

This talk will focus on select examples of molecular, cellular, and process level stochasticity in mammalian and microbial
systems for bioprocessing applications, with a particular focus on how this emergent behaviour can be handled employing
model-driven approaches.
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NANOCONFINEMENT EFFECTS ON DIFFUSION AND REACTION IN
POROUS MATERIALS, HETEROGENEITY, AND WHAT WE COULD
LEARN FROM NATURE FOR APPLICATIONS.

Marc-Olivier Coppens
Centre for Nature-Inspired Engineering and Department of Chemical Engineering, University College London,
London WCIE 7JE (United Kingdom)

Corresponding Author: Marc-Olivier Coppens (m.coppens@ucl.ac.uk)

Abstract

Diffusion in nanoporous materials is a fascinating topic of great practical relevance, e.g., for catalytic and molecular
separation processes. Despite decades of intensive experimental and theoretical work, there are still gaps in our
understanding of diffusion fundamentals. Recent insights into which processes limit the overall transport in porous
materials could influence the design criteria and the operation of important processes that apply nanoporous materials,
including those for environmental processes relevant to sustainable development — from increasing product selectivity
in catalysis and membrane separations, to materials for electrochemical devices and biomedical engineering. Such
insights result from more sophisticated experimental characterization tools and molecular simulations but also progress
in materials synthesis.

Diffusion in ordered, uniform microporous materials with strong nanoconfinement effects has been extensively studied,
e.g., in zeolites, metal organic frameworks and carbon nanotubes. Most materials, however, are heterogeneous, and this
introduces surprises that matter in applications. I will discuss the impact of heterogeneity and nanoconfinement on
molecular transport and reactions, focusing on Knudsen diffusion in amorphous alumina with its fractal rough surface,
and surface barriers in zeolite crystals. I will show how heterogeneity can be embraced, how thinking holistically across
length scales is essential, and how nature can teach us lessons to design better catalysts.
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PHYSICS-INFORMED TRANSFER LEARNING AND MACHINE
LEARNING BASED OPTIMIZATION IN CHEMICAL ENGINEERING

Erdal Aydin
Department of Chemical and Biological Engineering
Kog University, Turkiye

Corresponding Author: Erdal Aydin (eaydin@ku.edu.tr)

Abstract

Dynamic processes in chemical engineering, such as wastewater treatment and visbreaking, present significant
modeling challenges due to their nonlinearities, complexities, and uncertainties. Developing traditional mechanistic
models, while grounded in first principles, often is time-consuming and these models are difficult to apply to complex
industrial systems. Conversely, purely data-driven methods, especially recurrent neural networks (RNNs), offer
powerful tools for capturing nonlinear dynamic behavior but frequently require large, high-quality datasets and are
vulnerable to overfitting and noisy data.

This lecture explores recent advances in integrating physical knowledge into machine learning models to overcome
these limitations, with a focus on two main areas: We first examine innovative physics-informed training methodologies
designed to embed governing differential equations directly into neural network loss functions, and hybrid recurrent
architectures that integrate physics-based and data-driven components. These approaches improve model
generalization, reduce overfitting, and yield more compact, robust neural networks through hyper-parameter
optimization. In parallel, transfer learning is leveraged to address the challenges of noisy, sparse, or incomplete data
commonly encountered in industrial applications. By transferring knowledge from physics-based simulation models
and related industrial plants, prediction performance in an industrial wastewater treatment plant is significantly
improved, with validation accuracy gains exceeding 50%. This synergy between physics-informed modeling and
transfer learning underscores a promising pathway for robust, data-efficient process modeling.

The second part of the lecture delves into embedding physics-informed neural network models within optimization
frameworks to facilitate faster and more reliable decision-making for complex chemical processes. By utilizing
piecewise linear approximations and physics-informed training, neural network surrogates are developed that enable
near-global optimal solutions with substantially reduced computational effort. Case studies demonstrate that physics-
informed surrogates not only improve solution quality but also accelerate computation times compared to conventional
approaches.
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TOP-DOWN AND BOTTOM-UP MULTISCALE METHODOLOGY FOR
MODELING AN INDUSTRIAL-SCALE CATALYTIC REACTOR

Carlos O. Castillo-Araiza
Laboratory of Catalytic Reactor Engineering Applied to Chemical and Biological Systems, Department of Process
and Hydraulic Engineering, Universidad Auténoma Metropolitana, Mexico City 09340, Mexico

Corresponding Author: Carlos O. Castillo-Araiza (coca@xanum.uam.mx)

Abstract

This key-note lecture aims to elucidate the application of a combined top-down and bottom-up multiscale methodology
for the modeling of an industrial catalytic reactor. While this methodology has been applied in our laboratory to both
chemical and biological reaction systems for over 15 years, this presentation exemplifies its application to the selective
catalytic oxidation of ethane to produce ethylene. Due to the thermodynamic and kinetic constraints inherent to selective
oxidation reactions, the wall-cooled packed-bed reactor is selected as the reference technology, a configuration that
remains highly relevant in current industrial practice. The selection of this reactor technology also reinforces the
relevance of the fundamental research developed in our laboratory, as it addresses a longstanding modeling gap in
which, despite its extensive industrial use for over a century, there is still no widely accepted paradigm-based
mathematical model capable of reliably simulating its performance under industrial operating scenarios.

The modeling begins with a top-down multiscale approach, developing a pseudo-continuous model of the
heterogeneous reactor using conventional experimental data and theoretical frameworks. Regime analysis and
sensitivity studies are used to identify dominant transport limitations. A bottom-up approach then complements this,
using Particle-Resolved Simulations (PRS) to characterize transport phenomena under realistic conditions and
determine accurate transport descriptors. In parallel, Density Functional Theory (DFT) is used to derive a microkinetic
model. These microscale insights are integrated into the reactor-scale model, yielding a robust multiscale framework
that offers key advantages over conventional approaches:

(i) Transport phenomena that typically limit industrial-scale reactor modeling are no longer approximated using
macroscopic approaches. Instead, PRS data informs the models, enhancing accuracy and relevance in the
characterization of transport phenomena:

(i) Parameters involved in the microkinetic model are constrained within uncertainty ranges determined by DFT
calculations, improving its reliability; and

(iii) To ensure consistency across scales, the Volume Average Method is applied to enhance the soundness of pseudo-
continuous models developed using reactor engineering principles.

This top-down and bottom-up multiscale methodology reduces uncertainties in modeling transport and reaction
mechanisms and supports the rational design of intensified catalytic reactors. Its versatility also enables application to
a wide range of chemical and biological systems, reinforcing its value as a modern tool for industrial reactor design.
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MaCKiE KEYNOTE 4

MULTISCALE MODELING OF ZEOLITE CATALYTIC PROCESS: FROM
CRYSTAL TO REACTOR

Xinggui Zhou
State-Key Laboratory of Chemical Engineering and Low-Carbon Technology
East China University of Science and Technology
130 Meilong Road, Shanghai 200237, China

Corresponding Author: Xinggui Zhou (xgzhou@ecust.edu.cn)

Abstract

Industrial zeolite catalysts feature multi-level transport networks governing multiscale flows and diffusion, with reactor-
scale (macro) mass transfer dominated by convection in interparticle voids, catalyst pellet-scale (meso) transfer driven
by diffusion, and microscale (crystal/active site) processes involving adsorption, surface reactions, and desorption.
While surface reactions convert reactants to products, multiscale transport efficiency significantly impacts overall
catalytic performance and product distribution. Current research predominantly focuses on single-scale transfer and
reaction processes, with limited integration across scales.

This report reports a multiscale coupling methodology integrating continuum models to characterize transfer and
diffusion behaviors across crystal, pellet, and reactor scales. Case studies on n-hexane isomerization and benzene
alkylation validate the model. For n-hexane isomerization over hierarchically structured ZSM-5 zeolites (HSZs),
diffusion limitations from micropores (crystals) and macro/mesopores (pellets) are regulated by adjusting crystal size,
porosity, and macro/mesopore dimensions. Introducing intraparticle porosity reduces micropore diffusion barriers,
significantly enhancing the conversion compared to conventional zeolites. For benzene alkylation, diffusion limitations
in binder (macro/mesopores) and crystals (micropores) are addressed by optimizing crystal size, intracrystalline pores,
and binder properties (volume fraction, porosity, pore diameter). Higher binder porosity proves more critical than pore
diameter in balancing mass transfer and catalytic activity, with recrystallization altering binder-catalyst interactions.
These multiscale models should serve to guide the optimal design of industrial zeolite catalysts.
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MaCKiE KEYNOTE 5

ON THE INTERPLAY OF SPATIO-TEMPORAL GRADIENTS IN
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Abstract

Rigorous analysis of the spatio-temporal gradients in the composition, temperature, and, therefore, reaction rates
inside chemical reactors have played an essential role in developing quantitatively-sound mathematical models
of these devices, with wide-reaching implications for reactor design and, fundamentally, for accurate kinetic
measurements. Well-known criteria exist for the assessment of whether such gradients are significant in each
particular case or can be ignored to simplify the analysis. In recent decades, both the experimental techniques
used to monitor chemical reactions (e.g. effluent analytics and operando spectroscopy) and the computational
models used to simulate them (e.g. Computational Transport Phenomena) become increasingly resolved in space
and time. These advances provide unprecedented opportunities to quantify the spatio-temporal variations within
chemical processes but also challenge us to develop more nuanced frameworks within which such information
can be better understood and utilized for deriving new chemical knowledge.

In this talk, I will first discuss a theoretical framework for analyzing spatio-temporal gradients of chemical
composition, e.g. gas, pore, and surface species, within a catalytic material at different scales, particularly for
evaluating the impact of gradients on chemical kinetics. The framework is motivated by the concepts of “state-
defining” and “state-altering” experiments in a Temporal Analysis of Products (TAP) reactor, in which gaseous
species traverse the catalyst bed by means of Knudsen diffusion. The framework distinguishes the spatial and
temporal components (i.e. marginal variances) of the total composition and/or temperature variance/gradients in
the reactor. These distinct components are shown to be interdependent, with their interplay ultimately determining
the lower bound of uncertainty in the measured kinetics. After presenting several illustrative examples relevant
for TAP experiments, the framework will be extended to operando catalyst characterization data. In particular, it
will be applied to meso-scopic mapping of coke deposition inside a catalytic extrudate using 3D Computed
Tomography X-Ray Diffraction (CT-XRD). I will conclude by outlining the scope of potential applications of
this analysis framework to various sources of space-/time-resolved experimental and simulated data relevant to
heterogeneous catalysis and beyond.
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Abstract

The grand challenges of the global energy transition and the urgent demand for sustainable industrial growth
necessitate unprecedented precision in understanding and optimizing complex chemical and electrochemical
reactors. Traditional modelling approaches, while foundational, often face limitations in comprehensively
capturing the intricate, multi-scale phenomena governing these highly dynamic systems. This talk posits that a
truly transformative leap in reactor engineering, particularly for multiphase systems, could be achieved through
the “synergistic integration of Computational Fluid Dynamics (CFD), advanced Machine Learning (ML)
techniques, and high-fidelity experimental data, exemplified by methods such as Radioactive Particle Tracking
(RPT)”. This powerful combination enables the development of robust, predictive models that are able to tide
over some of the limitations of classical multiphase CFD, the uncertainties in experimentation, and also utilise
meaningfully the vast body of data on multiphase reactors that are available in the public domain, and indeed in
confidential databases within organisations. Ultimately, such improved predictability and understanding can drive
both efficiency and sustainability in hard-to-abate sectors. As an illustration of this philosophy, in this talk, some
recent work on the modelling of bubble columns and slurry bubble columns will be presented.

Industrial processes frequently rely on gas-liquid and gas-liquid-solid bubble columns, whose intricate
hydrodynamics present persistent challenges for accurate design and scalable operation. While CFD methods and
experimental techniques are indispensable for assessing flow dynamics, their application typically demands
significant computational resources and time, hindering rapid iterative design. To address this, this research has
explored fundamentally lowering time scales and computational expenses through the innovative integration of
artificial intelligence and data science into the study of bubble column hydrodynamics, aiming for superior flow
behavior prediction.

First, a detailed CFD simulation was established for benchmark air-water flow within a rectangular bubble column
reactor. This work meticulously examined the impact of various interfacial forces, such as drag and lift, on
predicting time-averaged axial liquid velocity and gas volume fraction. Crucially, these foundational CFD
findings were rigorously validated against high-precision experimental data acquired using Radioactive Particle
Tracking (RPT), demonstrating the critical role of empirical validation in refining computational models.
Furthermore, a CFD-coupled Population Balance Model (PBM) simulation was employed for the same column
to identify optimal breakage and coalescence kernel combinations governing air bubble diameter evolution,
utilizing three distinct kernel combinations within the PBM transport equation. The CFD-PBM work is further
enhanced with CFD data-driven Deep Neural Network (DNN) models. These DNN models were adeptly utilised
to rapidly predict key time-averaged hydrodynamic parameters, including axial gas and liquid velocity, gas and
liquid volume fraction, and the mean air bubble diameter. The study also elucidated the influence of categorical
variables, such as interfacial force combinations, on phasic velocities through the developed DNN framework. A
significant outcome was the creation of a Graphical User Interface (GUI) powered by these DNN models,
enabling real-time hydrodynamic prediction.
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Extending beyond CFD-derived data, the work concurrently proposed “experimental data-driven Machine
Learning (ML) algorithms” for crucial design parameters like estimating the overall gas holdup in Slurry Bubble
Column Reactors (SBCR). Leveraging approximately 2000 data points from existing open literature, various ML
models (including Boosting, Bagging, Support Vector Regression (SVR), and DNN) were developed, culminating
in another intuitive GUI for instant gas holdup prediction under specified operating conditions. These ML models'
robustness was further assessed under unknown operating conditions in cold-flow gas-to-liquid processes,
complemented by a sensitivity analysis.

The investigation concluded with a focused exploration of local hydrodynamics in SBCRs, integrating CFD and
DNN modelling. A 3D transient Euler-Euler-Euler CFD simulation was developed for cold-flow gas-to-liquid
processes, employing a modified drag coefficient for gas-liquid interaction to enhance the accuracy of time-
averaged phasic volume fractions. The impact of solids loading, operating pressure, and superficial gas velocity
on phasic volume fraction was rigorously assessed, with validation against existing experimental results. A CFD
data-driven DNN model, complete with a dedicated GUI, was also proposed for real-time prediction of time-
averaged gas, liquid, and solid volume fractions in these slurry systems.

This talk will underscore how the precise integration of high-fidelity experimental data (including RPT), advanced
CFD, and the predictive power of Machine Learning is paramount to truly mastering multiphase dynamics for
precision reactor engineering. This quantitative, interdisciplinary approach is vital not only for optimizing existing
industrial processes but also for accelerating the design and deployment of next-generation, sustainable chemical
transformations, pushing the boundaries of efficiency and driving the journey towards a decarbonized and circular
economy in the chemical and biochemical engineering landscape.
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Abstract

Nonthermal processing (NTP) has been investigated for food preservation and several applications, among which are
extractions of valuable compounds from plant matrices. Most of nonthermal technologies have not yet reach technology
readiness level (TRL), to be applied in the food industry. Pulsed electric fields (PEF) and high-pressure processing
(HPP) are two technologies that are already in use in food industry having TRL level of more than 7. As current state
of the art for Industry 4.0, and smart factories accordingly, there are new opportunities to implement elements of
industry 4.0 in nonthermal processing. Industry 4.0 includes automation and data exchange in manufacturing
technologies and includes cyber-physical system, Internet of things (IoT), advanced connectivity and cloud-computing
to transform production units into “smart factories”. Moreover, with application of [oT, collection of in-line data, smart
control of the process, big data optimization, as well as sustainable production and monitoring, there is possibility to
develop a new era of Internet of nonthermal food processing technologies (IoNTP). The internet of things is a system
of interrelated computing devices, mechanical and digital machines, objects, or people that are provided with unique
identifiers (UIDs) and the ability to transfer data over a network without requiring human-to-human or human-to-
computer interaction.

The application of NTP technologies, specifically high-power ultrasound (US) equipped with different sensors and
transformed to IoT device, has been optimised for extraction of proteins. [oONTP - ultrasound extraction has been done
on residue leaves in beetroot processing (Beta vulgaris L.) and leaves from faba bean (Vicia faba L.) processing. The
goal is to use digitalisation in the NTP set-up (with sensors - for temperature, electrical conductivity, humidity, energy
consumption, pressure etc. and 1oT), to monitor and optimise extraction process of proteins. Green extraction of
RuBisCO (Ribulose-1,5-bisphosphate carboxylase/oxygenase) protein from residues (from leaves, as they are usually
discarded in the factory) has been successfully optimised.

As very important aspect of current research and future application in food industry is sustainability, it is necessary to
implement Sustainable Development Goals (SDGs) in research activities. Waste, energy, economy, and environment
are major pillar that need to be managed in terms of Agenda 2030 and SDGs. Energy conservation is vital for the
sustainable development of the food industry. The three pillars of sustainability refer to environmental, economic, and
social impacts of nonthermal technologies (i.e., energy balances, life cycle assessment (LCA), waste
production/reduction, cost of production, impact to society) as well to set novel approach to introduce nonthermal
technologies as smart systems in food industries. To determine sustainability, quantitative data must be acquired, with
the most common method of an LCA.
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Abstract

Radiofrequency (RF) application for foods is considered a thermal emerging technology. RF treatments result in fast
and volumetric heating in foods, getting shorter times than the conventional processes. Also, RF waves exhibit higher
penetration depth into food materials than microwaves. However, the main challenge for RF commercial application is
the non-uniform temperature during the treatments. RF technology is applied with different purposes, such as
pasteurization, sterilization, drying and disinfestation. Dielectric properties are key factors to design properly an RF
treatment. Once different food properties and process parameters are established, modeling may be a useful tool to
predict final conditions in foods. COMSOL and other software have been reported to accomplish the modeling taking
account the electromagnetic behavior and the heat transfer during the process. This talk will show equipment, conditions
for foods and modeling results reported for RF treatments recently. RF technology has potential to reach more stable
foods and make them available and safe for consumers in different parts of the world.
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Abstract

High pressure processing (HPP) is being increasingly used industries worldwide as a nonthermal food pasteurization
method for several types of foods, having given many proofs that it can be used as a reliable and safe alternative to the
conventional heat-based pasteurization methods. The fact that HPP takes place at room-like temperatures (or below)
results in pasteurized foods with higher quality compared to those pasteurized by heat.

In addition to the success of nonthermal HPP, pressure-assisted thermal sterilization (PATS) was also approved by the
United States Food and Drug Administration (FDA) as an alternative to the current commercial conventional food
sterilization, allowing to obtain shelf-stable foods with improved quality due to the lower thermal impact of PATS. In
fact, PATS takes advantage of the adiabatic heating/cooling phenomenon to quicker and homogeneously heat up/cool
down foods, allowing for a shorter sterilization process.

Another application of high pressure regards hyperbaric storage (HS) for food preservation as an alternative/complement
to the conventional refrigeration processes, especially when performed at naturally variable/uncontrolled room
temperatures. HS makes use of low pressures (up to 100 MPa) at room-like temperatures or slightly below to hurdle
microbial development. The major advantages of HS regard the considerable shelf-life extensions of foods compared to
refrigeration, due to the gradual microbial inactivation that occurs during HS. This methodology has proven to be feasible
not only against vegetative microorganisms (including pathogenic ones) but also allowed to inhibit the development of
bacterial spores, in some cases even causing their inactivation (at room temperature) without the application of heat. The
microbial inactivation observed during HS was reported to be possible to achieve at least 5-log vegetative pathogens and
is being so additionally explored as a new pasteurization method, tentatively called moderate pressure pasteurization
(MPP) by hyperbaric inactivation (HI), to distinguish it from the current HPP pasteurization. This methodology makes
use of moderate pressures (100-250 MPa) for slow pasteurization at room temperature, at the same time food is being
preserved with no need of refrigeration, being this particularly interesting for pressure-sensible foods, such as raw meat
and fish, for which HPP pasteurization causes considerable color changes, while MPP achieves 5-log inactivation
(pasteurization status) with minimal colour changes. In this presentation, an overview on how HPP can be used to
inactivate vegetative pathogenic bacteria and spores (when combined with moderate to high temperatures) will be given,
as well for future applications, such as HS and MPP.
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Abstract

A major reduction in food waste is critically important because at present agriculture uses half of habitable land, 70%
of freshwater, and generates 26% of greenhouse gas emissions. Currently, the design and operation of refrigeration
systems focuses on energy use. However, improved energy efficiency has not helped in reducing food losses currently
estimated at 30%. A key reason is the lack of science-based tools to assess food preservation performance when
designing and operating cold chain units. To fill this need, Tecnologico de Monterrey developed a Refrigeration
Performance Indicator (RPI) calculated using product time-temperature data and validate predictive microbiology
models. We will briefly review published RPI applications assessing the impact on microbial preservation performance
of refrigeration technology (single and variable speed compressors), door openings, ambient temperature, refrigerator
load, food location (drawer w/independent T control, body shelf, door shelf) and food matrix/microflora (dairy, meats,
seafood, etc.). Also presented in this Webinar will be RPI values calculated as the ratio of the microbial degradation at
temperatures observed during transportation over the one that would have occurred under a constant recommended
temperature for the handling of fresh-cut mango (4C). By definition, values of RPI <1, =1, and >1 indicate excellent,
good and poor refrigerated preservation performance, whereas values >> 1 indicate situations requiring urgent attention.

Products with short shelf-life such as fresh-cut mango are produced and shipped immediately to customers. Product
spoilage begins when microorganisms complete an adaptation phase during which they undergo intracellular changes
allowing them to grow under refrigeration. This consideration led to a second indicator of cold chain performance,
extent of lag phase completion (LPC) with values beginning at 0 and reaching 1 when microorganisms begin growth.
In this talk, we will present the T-TAP platform to assess the refrigerated transport preservation performance
considering LPC and RPI values. If the lag phase is incomplete (LPC<1), the microbial degradation has not begun.
Consequently, T-TAP accepts the shipment. If the lag phase is completed (LPP>1), T-TAP calculates the RPI. If the
RPI<I, T-TAP accepts the shipment, otherwise it is rejected. Data collected during commercial shipping will be used
for illustration.
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Abstract

One of the current challenges in food manufacturing industry is to design a novel process in the view of sustainability
with three pillars: providing safety and quality, being economically efficient and having a resource efficiency. In this
framework, it is essential to determine the interactions among transport phenomena (mass, heat, and momentum) and
any other relevant physics with a mechanistic mathematical modeling approach for the optimal design and innovation.
Virtualization represents a sophisticated strategic tool to design and to innovate a process with the presence of a
mechanistic mathematical model describing the transport phenomena governing the process. With this background, the
objective of this presentation is to introduce the virtualization and mathematical modeling for design and optimization
for the food manufacturing industry.

For this purpose, motivation and needs for virtualization in processing are focused, mathematical modeling background
and various approaches for modeling are introduced for industry-oriented novel innovative approaches. Virtualization
with mathematical modelling-based simulation schemes supported with artificial intelligence and machine learning
applications (besides IoT and big data) are also presented as key components of designing a sustainable process with
computational control.

With the introduction of Industry 5.0 and beyond industry x.0, combining the digitalization with virtualization will be
more significant for improved smarter sustainable approaches to innovate the food manufacturing industry specifically
in the view of quality, safety, and efficiency.
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Abstract

Food safety represents a major global public health challenge, with microbial contaminations being the primary cause
of foodborne illnesses. Traditional microbial risk analysis suffers from apparent limitations, including inherent latency,
narrow coverage, and difficulty in traceability, rendering them inadequate for managing risks within modern complex
food supply chains. This study innovatively constructs a big data-driven framework for microbial risk identification and
prediction, aiming to achieve a strategic shift in risk management from “passive response” to “active prevention”.
Specifically designed to support new product development, the platform systematically evaluates microbial safety
throughout the entire chain. This includes identifying high-risk pathogens in raw materials, assessing the effectiveness
of sterilization processes, and predicting product shelf life. The integrated approach enables active warning, precise
localization, and rapid response to microbial risks. The framework significantly enhances the accuracy and timeliness
of risk prediction and optimizes the allocation of testing resources. By facilitating big data-driven collaborative
decision-making and emergency management between R&D and production teams, this approach provides core
technical support for building an intelligent modern food safety governance system, which is of great significance for
safeguarding public health and promoting industrial upgrading
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Abstract

The conversion of methanol-to-olefins is industrially mature, although fundamental challenges exist in the
description of the mechanism governing the formation of the first C-C bond and primary olefins. Until now, there
is no kinetic evidence for any of the intermediates in the archived literature. In this work, we use two rational
kinetic models that allow for the formation of intermediates (surface methoxy species, adsorbed ethylene,
adsorbed water) with kinetic, spectroscopic, and theoretical evidence. These rational kinetic models were
independently embedded in a plug flow reactor model that describes the evolution of dimethyl ether to ethylene
and propylene in a temporal analysis of products (TAP) reactor. Scheme 1 can predict several transient features
of dimethyl ether conversion, although there is poor agreement with the experimental induction period and steady-
state behaviour. Scheme 2 can predict the steady-state features of dimethyl ether conversion and gives a better
agreement with the induction period of propylene formation, although the transient features are not reproduced.
Further work will focus on the description of the transient features of dimethyl ether conversion using the 2™
rational kinetic scheme.
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Abstract

Chemical recycling of plastic waste is expected to become an important chemical process in the coming decade,
with thermal pyrolysis followed by steam cracking playing a key role. However, plastic-waste pyrolysis oils
present challenges for conventional steam crackers, affecting both operational stability and product yields. To
address these challenges, simulation tools will play a crucial role. Therefore, a dedicated reaction model for
modeling steam cracking of such oils is developed, starting from the fossil-based COILSIM1D simulation tool.
Mathematical challenges that need to be overcome are integrating the large number of differential equations
resulting from the very extensive CRACKSIM kinetic model in COILSIM1D. This required specific adaptations
for pyrolysis oils by incorporating additional species for their representation, various novel reaction families, and
adapted lumping techniques, while still ending up with CPU simulation times of less than a second. Essential is
the distinction between the P network, modeling Cs  reactivity, and the p network, describing radical
decomposition of Cs* species while applying the Pseudo-Steady-State Assumption (PSSA) to reduce
computational time. A priori, in situ, and a posteriori lumping techniques are applied to manage the vast number
of species while ensuring accurate representation. The final reaction network enables, for the first time, the
simulation of plastic-waste pyrolysis oils in steam crackers. Comparative COILSIM 1D simulations highlight the
differences between pyrolysis oils and fossil feedstocks, providing insights for optimizing cracker operations with
alternative feedstocks.
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Abstract

Steam cracking and gas heating for chemical processes significantly contribute to CO. emissions in the chemical
industry. The novel Power-to-Heat electrified shockwave turboreactors mitigate these emissions. This study
presents a meta-model-assisted active learning optimization framework for electrified shockwave turboreactor
technologies to improve heat transfer and selectivity. The in-house Computer-Aided Design Optimization
(CADO) tool employs a Metamodel-Assisted Evolutionary Algorithm (MAEA) integrated with Kriging meta-
models for multi-objective optimization to obtain a Pareto front that maximizes temperature rise across the
turboreactor while minimizing the required mass flow. Additive Manufacturing (AM) constraints are imposed to
ensure a feasible design. A validated Computational Fluid Dynamics (CFD) solver is utilized to evaluate each
design iteration. The optimized reactor, tailored to the laboratory pilot unit, achieves a 38.57% increase in
temperature rise and a 2% reduction in mass flow relative to the baseline. The reactive modelling indicates a
higher temperature rise, leading to improved turboreactor selectivity. This framework demonstrates significant
potential for advancing turboreactor performance and is scalable for industrial-scale implementation in the
electrification of the energy-intensive process industry.
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Abstract

With the growing interest in electrified chemical processes, this study presents the first multi-scale framework for
modeling an electrified gas-solid fluidized bed reactor (e-bed) using fundamental principles. The framework
models direct resistive heating by capturing electrical conduction and Joule heating at the particle scale. Graph
theory concepts were employed to dynamically identify conductive particle chains as electrical pathways. By
applying conservation of electric current density and Ohm’s law, particle potentials, electric current, and Joule
heat flux were numerically determined. Given the high heating rates in e-beds, radiative heat transfer was
incorporated using the Monte Carlo ray-tracing method. The approach was validated against electrified fixed-bed
reactor data from the literature. A pseudo-2D e-bed study showed that higher input voltage increases both particle
and gas-phase temperatures. However, thermal resistance at the particle-gas interface limits the gas-phase
temperature rise, highlighting the potential of electrified reactors in minimizing unwanted gas-phase reactions.
Temperature rise profiles differed at various voltages because increased temperature changed the physical
properties of the gas, impacting flow patterns that affect the amount of joule heating in the reactor.
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Abstract

With the increasing global demand for lithium, the significance of its extraction from salt-brine lakes, which offer
advantages of low cost and abundant reserves, is becoming increasingly prominent. However, the high
magnesium content in these sources necessitates the development of selective and efficient separation strategies
to enable effective lithium recovery. Nanofiltration membranes present a promising alternative for lithium
recovery due to their low energy consumption, absence of chemical requirements, and environmentally
sustainable nature. Nevertheless, achieving a high Li/Mg separation efficiency requires a comprehensive
optimization of membrane properties and filtration conditions. This study proposes an artificial neural networks
(ANNs)-based data driven modeling approach to enhance the efficiency of this separation process. Given its
capability to represent complex, nonlinear relationships among variables and generate high-accuracy predictions,
ANN is a promising methodology for process optimization. Through this modeling approach, the relative
significance of input variables will be determined, their impact on key performance metrics will be analyzed, and
the optimum membrane characteristics and operating conditions will be predicted. The optimization facilitated
by the developed model is expected to minimize the time and cost constraints associated with experimental trials,
thereby enabling a more systematic and efficient approach to the development of high-performance membranes.
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Abstract

Non-uniform product (color) distribution in colorimetric pPADs affects accuracy and reliability of measurements.
The underlying mechanisms responsible for this remain unclear. We model a typical colorimetric sensor to
investigate the influence of mass transport and reaction dynamics on product distribution in porous paper
substrate. We consider an analyte (which needs to be measured), initially uniformly distributed in the porous
substrate, reacting with a reagent imbibed from a sessile droplet. The intensity of the colored product is used to
quantify the analyte. The model includes species mobility to capture washout and precipitation effects. The
process is modelled in two stages. In Stage 1, the droplet imbibition creates two flow domains, forming a moving
boundary problem. Stage 2 begins after droplet penetrates completely. We analyzed the effect of different
parameters on product distribution. A monotonic, radially increasing distribution occurs for slow reactions with
excess reagent, with a steeper gradient at higher reagent concentrations. An immobile product leads to non-
monotonic distribution. This mimics ring-like patterns observed in experiments. A more uniform distribution is
achieved in thicker, more porous substrates but with reduced color intensity. Immobilizing the analyte further
enhances uniformity.
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Abstract

In chemical processes, the prediction of product attributes is crucial for real-time optimization and control,
however, incomplete datasets, due to various sampling frequencies, strongly affect the accuracy and efficiency of
data-driven models. To address this, this paper proposes a semi-supervised learning method based on such
datasets, namely Consistency-Regularized Dual-Stage Learning (CRDL). The method subdivides the dataset into
high-frequency and low-frequency parts and identifies relationships between different types of output data. A
two-stage model was designed. The first stage uses high-frequency data, and the second uses data reclassified
based on low-frequency and output relationships. The method performance is evaluated by considering the error
accumulation, the number of labeled data, the impact of the noise scale and the unsupervised loss coefficient. The
effectiveness of CRDL on accuracy improvement is validated through the case study on Continuous Catalytic
Reformer (CCR) process.
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Abstract

Recycling plastic waste through pyrolysis in combination with supercritical water has promised to result in a
lighter and cleaner oil than standard pyrolysis. Predicting the behavior of a mixture of water and hydrocarbons at
these conditions is fundamental to understanding this process. The basis of such predictions is usually an Equation
of State, a model that predicts the thermodynamic state of the system, allowing for the determination of vapor-
liquid, liquid-liquid and vapor-liquid-liquid equilibria. Validation of an Equation of State at these conditions is
done by predicting critical points, as these are the most commonly available experimental datapoints at these
conditions. This work presents a modified methodology to predict these critical points tailored to water-
hydrocarbon systems. A new evaluation function is proposed to grade the performance of the Equation of State.
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Abstract

Kinetic models are essential to gain insights into chemical processes. First-principle models can provide valuable
information on the followed reaction pathways. In this context, we have created Genesys-Py, an automatic
detailed kinetic model generator that distinguishes itself by its high flexibility. For example, this software tool
allows the user to model gas-phase and catalytic processes. Furthermore, the flexible thermodynamics and kinetics
assignment allows users to easily include their own property estimation method, which is especially useful for
catalytic processes. Also, the symmetry calculation method applies to all molecules and transition states. Overall,
this software tool enables users to generate detailed kinetic models of tens of thousands of reactions flexibly.
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Abstract

This study explores super-dry reforming (SDR) of methane for intensified CO, utilization, focusing on modeling
the carbonation-decarbonation of a CO»-sorbent prepared through industrial methods. Solving the reactor model
equations for the SDR process requires a trustworthy kinetic model governing the effect of operating conditions
on the performance of this material. Kinetic parameters from existing models will be optimized based on
experimental kinetic data. Additionally, the impact of internal mass transfer limitations in upscaled material
extrudates will be assessed. Future work will include a detailed energy balance to account for the exo- and endo-
thermicity of the process, aiming to obtain a model to assist in process optimization for pilot-scale super-dry
reforming of methane.
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Abstract

Chemical reactions that lead to a spontaneous symmetry breaking or amplification of the enantiomeric excess are
of fundamental interest in explaining the formation of a homochiral world. An outstanding example is Soai’s
asymmetric autocatalysis, in which small enantiomeric excesses of the added product alcohol are amplified in the
reaction of diisopropylzinc and pyrimidine-5-carbaldehydes. Comprehensive kinetic experiments and modelling
of the hemiacetal formation in the Soai reaction allow the precise prediction of the reaction progress, the
enantiomeric excess as well as the enantiomeric excess dependent time shift in the induction period of this
autocatalytic reaction. New software tools will be presented for detailed and precise kinetic analysis.
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Abstract

Essentially developing and regulating the unique electronic property of iron carbide catalysts involving multi-
metal promoters to understand structure—activity relationship of CO, activation process is still a great challenge.
Here, metals and transition metals were introduced as strategies for electronic structure regulation to theoretically
understand the underlying nature of CO; adsorption and activation behaviors over Fe3C catalysts. The distinctive
micro-environment on Fe;C surface made it more conducive to CO, adsorption and activation, which could be
further enhanced by the addition of multi-metal promotors. The electronic properties of promoters well explained
their influence on CO, adsorption behavior, while the binding energy of promoters had a good linear relationship
with the CO; activation barrier. Specifically, there existed a distance effect by the doped multi-metals. When the
doped metals were adjacent to each other, it would be more beneficial for CO; dissociation, and when they were
far away from each other, the effect of single metal near CO, became more pronounce. Moreover, there existed an
extreme point in the Bader charge values to make CO; adsorption the most stable on the surface of catalysts.
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Abstract

This paper presents a microgrid planning framework that combines mixed-integer linear programming with
Monte Carlo reliability simulation to optimize system design under economic and technical constraints. Key
components—diesel generators, fuel cells, batteries, and solar PV—are modeled using piecewise linear
approximations to capture costs and reliability metrics. Implemented in Pyomo and solved with Gurobi, the model
optimizes generation and storage capacities while providing visual insights. A case study yields an optimal system
with 1500 kW diesel, 500 kW fuel cells, 1300 kW/1300 kWh batteries, and 6000 kW solar PV, achieving a
$31.1M total cost, $0.0983/kWh LCOE, 0.53 MWh/year unmet energy, and 14.4 hours/year load loss. Sensitivity
analyses confirm design robustness.
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Abstract

The efficacy of polystyrene (PS) and polyethylene (PE) thermal pyrolysis in a pilot-scale vortex reactor was
investigated at different temperatures. Sophisticated analytical techniques like comprehensive two-dimensional
gas chromatography and a refinery gas analysis (RGA) system were employed to analyze the products. Styrene
recoveries of 74 wt.%, 86 wt.%, and 88 wt.%, respectively, at 500 °C, 600 °C, and 700 °C temperatures exceed
the yields of classical continuous reactors such as stirred tanks or fluidized bed reactors. PIONA analysis of the
pyrolysis products of PE pyrolysis indicates ~73 wt. % primary olefins are formed. The quantified pyrolysis
products indicate the reactor dynamics and lower residence time promote primary decomposition while
minimizing significant secondary reactions, such as hydrogen transfer and cyclization.
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Abstract

Supercritical water (SCW) liquefaction of Polyethylene (PE), a major component of waste plastic, has gained
interest as a sustainable method for converting it into valuable liquid hydrocarbon products. This study combines
experiments, advanced analysis, simplified kinetic modeling, and process simulations for a comprehensive
investigation of SCW liquefaction of PE. The reactions were conducted using a batch reactor over a range of
temperatures (360 to 430 °C) and time (30 to 120 min) under autogenic pressure (>22 MPa). A highest oil yield
(~ 90 %) was obtained at 430 °C in 120 min, with only liquid and gaseous products formed. An advanced GC x
GC analysis of oil revealed a broad hydrocarbon distribution with naphthene as dominant fraction. The
hydrocarbon formation rates were estimated by developing a lumped kinetic model by grouping the hydrocarbons
based on the carbon number and structure. Further, the batch process was simulated in Aspen Plus by coupling
the lumped kinetic model. While simulations predicted yields of lumps accurately over wide range of conditions,
the accuracy was highly dependent on the defined thermophysical properties of lumps. Overall, the mechanistic
insights, kinetic model and simulation were developed providing a basis for design of large scale recycling
process.
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CYCLONE FOR PROCESS INTENSIFICATION: CFD-BASED DESIGN
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Abstract

Carbon capture is a key approach for achieving net-zero emissions and mitigating climate change. Among various
capture methods, chemical absorption is widely used in industrial settings due to its proven effectiveness. To
enhance CO- absorption and desorption while lowering construction and operational costs, process-intensification
equipment such as gas-liquid vortex reactors (GLVRs) has garnered increasing attention. However, the design
and scale-up of these intensified reactors are particularly challenging because of complex multiphase transport
and separation phenomena. In this study, a multi-stage gas-liquid vortex reactor (GLVR) is proposed that
combines several vortex stages with a gas-liquid cyclone located at the central section of the chamber. A
computational fluid dynamics (CFD) model, validated against experimental data, is employed to evaluate how
varying the number of vortex stages and adjusting cyclone geometry influence pressure drop, CO: absorption
efficiency, and gas-liquid separation. The validated multi-stage GLVR with an integrated cyclone demonstrated
a marked increase in CO: capture, achieving nearly complete gas-liquid separation at the reactor outlet. These
findings highlight the importance of optimizing both the multi-stage setup and cyclone parameters to enable
robust scale-up, ensuring high separation efficiency and favorable energy usage in larger reactors.
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Abstract

Converting plastic waste into high-value chemicals is crucial for achieving a carbon-neutral future. We
investigated the catalytic pyrolysis of LDPE for the production of aromatics using modified zeolites. Commercial
HZSM-5 zeolite (HZ5) was altered to HZ5@s1 (shell structure), HZ5-hol (hollow structure), and HZ5-meso
(mesoporous structure), with Ga loaded via an impregnation-coupled reduction-reoxidation procedure. The
catalysts were characterized in terms of their physicochemical properties, including pore structure, acidity, and
metal sites. Ga loading reduced the specific surface area of the zeolite, decreased the number of strong acid sites,
and increased the number of medium acid sites, leading to a higher overall acidity. Ga-HZ5 exhibited the best Ga
dispersion. Py-GCxGC-FID/MS analysis indicates that Ga can promote aromatic yields while decreasing the yield
of C,-Cy4 light olefins, with almost no C4=. The yield of mono-aromatics (MA) followed this decreasing trend:
Ga-HZ5 (63%) > Ga-HZ5-meso (62%) > Ga-HZ5@s1 (60%) > Ga-HZ5-hol (54%). However, an increase in the
cumulative plastics-to-catalyst ratio, yields of C,-C4 olefins and Cs+ aliphatic hydrocarbons were higher, whereas
aromatic yields declined. Regeneration of Ga-HZS5 restored MA yields to 60%. This research provides a
foundation for using metal-loaded zeolite catalysts to recover aromatics from waste plastics selectively.
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AbstractS

Siemens reactor is the core reactor for producing rod-like polysilicon. The surface morphology of silicon rods
often exhibits both poor popcorn growth and excellent homogeneous growth. And during the growth of
polysilicon rods, the free volume of the reactor is reduced, so that the flow phenomenon changes instantaneously.
Moreover, the scale-up of Siemens reactor includes both the number increasing of silicon rods and the size scale-
up of reactor, while the flow phenomenon has changed. Hence, the development of Siemens reactors must face
the chemical reaction engineering problem, as well as the momentum transfer problem with complex
spatiotemporal scale. This work utilizes experiment, CFD, and data-driven methods for research. In order to
model turbulence reasonably, the flow visualization experimental method was employed. Then, two CFD flow
characteristic models were established, corresponding flow pattern evolution laws have been summarized, and a
dimensionless number has been proposed. And a classical reactor CFD model was established, by using
dimensionless number, the changes of the flow structure in the reactor and the reactor scale-up have been
explained. Finally, using data-driven technology (DMD method), the relationship between the transient flow and
the quality of the silicon rod has been analyzed.
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Abstract

Styrene is an important chemical intermediate widely used in polymer production. The alkylation of benzene with
ethylene over acidic catalysts is a key industrial method for ethylbenzene production, but it generates xylene by
products that complicate separation and increase costs. This study systematically investigates the main and side
reaction pathways of benzene and ethylene alkylation over H-ZSM-5 catalysts using co-feeding experiments,
density functional theory (DFT) calculations, and microkinetic analysis. The result reveals that methoxy species,
formed via methyl transfer from rearranged xylene, are critical intermediates in xylene formation. Co-feeding
toluene significantly enhances xylene production, while DFT calculations show that methoxy species react with
toluene to form xylene isomers. These findings provide crucial insights for optimizing catalyst design, improving
ethylbenzene selectivity, and reducing byproduct generation.


mailto:xgzhou@ecust.edu.cn

34

ABSTRACT #20

MaCKiE ABSTRACT REFERENCE NUMBER: G025

EXPLOITING A MASS TRANSFER PARADOX FOR OPTIMAL
SCALE-UP OF A PHARMACEUTICAL DEBENZYLATION
REACTION

Wout Callewaert!, Jeroen Lauwaert?, Mairtin McNamara® and Joris W. Thybaut'”
! Laboratory for Chemical Technology (LCT)
Ghent University, Belgium
2 Industrial Catalysis and Adsorption Technology (INCAT)
Ghent University, Belgium
3 Pharmaceutical Research and Development,
Division of Janssen Pharmaceutica, Johnson & Johnson, Belgium

Corresponding Author: Joris W. Thybaut (joris.thybaut@ugent.be)

Abstract

Developing and optimizing multiphase processes is frequently complicated by the intricate interaction between
kinetic and mass transfer effects. This work investigates the optimization of an industrial-scale pharmaceutical
debenzylation reaction of an amine-containing precursor. The kinetic model, derived from lab-scale experiments,
identified the competitive adsorption between hydrogen and the precursor as the cause of inhibition at high
hydrogen pressures. When transitioning to pilot and industrial scales, model simulations reveal that moderate
mass transfer limitations could counterintuitively enhance the reaction rate by reducing hydrogen-induced
inhibition. Optimizing operating conditions, particularly pressure and stirring speed, can enhance process
performance by balancing the beneficial and detrimental effects of the gas-liquid mass transfer on the reaction
kinetics. This highlights the importance of accounting for mass transfer effects and demonstrates the leveraging
of lab- and pilot-scale data for accurate industrial-scale modeling and process optimization.
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Abstract

Non-oxidative coupling of methane (NOCM) offers a promising direct route for producing value-added
hydrocarbons from natural gas. A key challenge is to develop industrially viable catalysts that resist deactivation
mechanisms such as coke deposition and sintering. This study evaluates the catalytic performance of catalysts,
including natural olivine ore (5.5 wt.% Fe), silica gel, and a novel composite catalyst of 5 wt% Olivine-Silica gel,
prepared by rotary ball milling and calcined at 1000 °C. Catalytic tests at 950 °C and 4.8 Nl/gcat/h showed that
the composite catalyst offers improved stability due to better dispersion of iron, which helps suppress coke
formation. A hypothetical mechanism is proposed in which agglomerated iron sites contribute to excess carbon
buildup via the dehydrogenation of C; intermediates, particularly acetylene. This study posits that coke formation
is a major cause of catalyst deactivation, supported by thermogravimetric analysis (TGA) of spent catalysts, which
confirms significant carbon deposition after reaction. Understanding this deactivation pathway is crucial for
developing accurate kinetic models and process optimization for NOCM.
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Abstract

This study investigates the environmental and technical feasibility of producing light olefins through the
Methanol-to-Olefins (MTO) route using steel mill off-gases as carbon feedstock. The research addresses the
significant carbon footprint of both steel and chemical industries by developing an integrated process that converts
Blast Furnace Gas (BFG), Basic Oxygen Furnace Gas (BOFG), and Coke Oven Gas (COG) into valuable olefins.
Process simulations demonstrate that a 550 KTA plant capacity can be achieved with efficient feedstock
utilization. Life cycle assessment comparing four hydrogen production pathways—Alkaline Electrolysis, Solid
Oxide Electrolysis (SOEC), Methane Pyrolysis, and Steam Methane Reforming with CCS reveals that SOEC
powered by renewable electricity offers the most substantial climate impact reduction (89% lower than
conventional steam cracking). Methane pyrolysis shows promising results but faces scalability limitations due to
carbon black market constraints, while blue hydrogen maintains significant fossil resource dependence. The
integrated process successfully addresses key technical challenges including high inert fractions in feedstock
gases, carbon separation requirements, and thermal self-sufficiency, providing a pathway toward more sustainable
olefin production.
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Abstract

A stochastic optimization framework for the sustainable design and operation of water—energy networks
integrating renewable energy sources is developed, focusing on electrification and decarbonization. The approach
extends an existing deterministic model by incorporating uncertainties in solar irradiance and wind speeds, using
scenario based stochastic programming specifically tailored to climatic conditions in Corlu, Tiirkiye.
Representative scenarios capturing seasonal variations were constructed from historical regional data, enabling
robust investment and operational decision-making. The optimization simultaneously considers infrastructure
investments (solar panels, wind turbines) and operational strategies, including wastewater recycling between three
interconnected processes. The results emphasize solar energy adoption due to favorable local conditions,
effectively reducing grid electricity dependency and operational costs. Activated wastewater recycling
interconnections further enhance environmental sustainability and resource efficiency. Overall, the proposed
model significantly contributes to the practical implementation of sustainable and resilient chemical processes.
The model may be further extended to capture more complex process interactions and dynamic behavior within
the water—energy network.
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Abstract

There is a need for unambiguous experimental tests of proposed entropy production rate extremum principles that
govern systems constrained to operate far from local equilibrium (COFFE). In this paper, an approach to
addressing that challenge is presented.
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Abstract

This study explores catalyst deactivation mechanisms using a modified Michaelis-Menten-Temkin-Boudart
framework, incorporating irreversible deactivation steps. Two pathways—deactivation from intermediate or
adsorbed complex—are analyzed, revealing distinct rate behaviors and optimization strategies. Experimental
validation in alkane dehydrogenation demonstrates that hydrogen addition significantly enhances catalytic
performance, with an optimal H»/CsHs ratio improving activity tenfold. These findings provide a mechanistic
basis for mitigating deactivation and extending catalyst lifespan.
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Abstract

This study applies the Learning to Optimize (L20) method to solve the two-stage stochastic pooling problem,
demonstrating its potential in reducing computational complexity while maintaining solution quality. The L20
method approximates stochastic optimization patterns after learning from simulation data, eliminating the need
for explicit solution of the optimization model. Compared to traditional stochastic mixed-integer type
optimization models, L20 significantly reduces computational time while having comparable optimal results. On
the other hand, its performance depends on the quality and variance of the training data. L20 provides a viable
alternative for complex two-stage optimization problems under uncertainty in terms of generalization using
heuristic solutions.
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Abstract

Recent chemical plants employ high number of sensor which appear in various forms of technology including
online measurements, advanced cameras, and many others. Processing of these enables the decision making in
real-time and offline work packages to infer and operate a set of complex variables to serve a more complex task
which considers both the economical and environmental aspects. As the related digitalisation tasks deliver
significant potential for last edge developments, they call for sophisticated formulations and software integration
to implement for digitalized process management. This study presents several industrial case studies where an
integration of image processing, machine learning and process systems engineering tools have proven significant
improvements in decision making. The first case study includes the development of a particle size analyzer device
design and development to evaluate the particle size distribution of solid particles itself and in liquid at various
shapes in accordance with particle theory. The second case study includes the development of artificial
intelligence tools for the real time monitoring and detection of flare inspection. The last case includes the
development of remote sensing software based on drone technologies to calculate the vibration frequency at
certain locations where human reach is challenging for safety issues.
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Abstract

Lipid Nanoparticles (LNPs) are a state-of-the-art drug delivery system for RNA-based therapies. A major issue
in process design for LNP production is to ensure the production of particles with the desired size distribution, as
this is a critical attribute for drug delivery efficacy. In this paper, a Computational Fluid Dynamics - Population
Balance Modelling (CFD - PBM) model is proposed to describe particle formation and track particle size in the
production of LNPs inside a microfluidic mixer. The used bivariate PBM model considers nucleation, particle
growth and aggregation phenomena. The model distribution data presents promising results when compared with
Dynamic Light Scattering (DLS) data.
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Abstract

Crystallization problem one of the popular problems in wide area of science. The first principles are not used to
design a crystallizer in which complicated processes include nucleation, crystal growth, attrition and
agglomeration of crystals. It is modeled by the population balance model, which is one of the important models
of mathematical biology and engineering, is a nonlinear partial integro-differential equation and examines the
exchange of particles and the production of new particles in a system of particles. For the crystallization problem,
one-dimensional and multi-dimensional models are considered and semi-analytical solutions are obtained via the
linear separation method.
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Abstract

The chemical industry is set for a radical transformation towards sustainable manufacturing, where electrification
will play a central role. However, holistic technoeconomic and environmental assessment of new processes should
guide their industrial implementation. In this work, we conceptualize and design two electrified processes that
lead to two of the most largely produced chemicals: methanol and ammonia. The former is produced via
electrolytic H, and CO; from Direct Air Capture (DAC), whereas the latter is generated via electrolytic H, and
N, from cryogenic distillation. The simulation of the entire plant-wide process allows to calculate the Levelized
Cost of Production (LCOP) of the products in two temporal scenarios: 2019 and 2050. For both processes,
electricity demand drives OPEX, whilst DAC is the main CAPEX contributor in e-methanol production. Thereby,
the e-processes’ LCOP is higher than the conventional counterparts (~3.3x for methanol and ~1.7x for ammonia).
Nonetheless, the electrified routes can lead to significantly lower carbon footprint when sustained by renewable
power. Importantly, e-methanol produced via wind power features negative CO» emissions, compared to the state-
of-the-art process based on carbon-intensive Steam Methane Reforming (SMR) for H, production. Similarly, e-
ammonia is 5x less carbon intensive than commercial ammonia based on H, from SMR.
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Abstract

Turboreactors represent a breakthrough in (chemical) process electrification, eliminating fossil-fueled furnaces
through RotoDynamic™ technology that generates thermal energy via high-speed rotor-stator interactions. These
systems create complex reactive gas dynamics that conventional simulation methods struggle to capture
efficiently in a timely manner. By integrating AVGI's CRACKSIM with Ansys Fluent and leveraging Pseudo-
Steady-State Approximation and adaptive cell clustering techniques, a model to accurately resolve turbulence,
heat transfer, and chemical kinetics while achieving >100% computational speed-ups has been established.
Validation studies demonstrate good agreement with full kinetic simulations, preserving critical flow features
including shock systems and vortex shedding. This framework provides a powerful tool for accelerating the design
and optimization of turboreactors, reinforcing their potential as a scalable and efficient alternative for sustainable,
high-yield hydrocarbon cracking and electrified process heating.
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Abstract

Emerging reactor technologies in steam cracking increasingly deviate from ideal plug flow behaviour, challenging
conventional modelling approaches that rely on simplified flow assumptions. This work introduces a
computationally efficient modelling strategy that decouples the detailed CRACKSIM reaction kinetics (the core
of COILSIM1D) from any predefined flow model by embedding it in a pseudo-multiscale framework based on
networks of interconnected Continuous Stirred-Tank Reactors (CSTRs). These networks are calibrated to
approximate key features of non-ideal hydrodynamics, such as axial dispersion, recirculation, and bypassing,
using residence time distributions derived from tracer response experiments or simulations. Once calibrated, the
complete CRACKSIM mechanism is solved within the CSTR network. In this proof-of-concept work,
comparative simulations show that even minor deviations from plug flow, such as limited bypass flows, can
significantly reduce light olefins selectivity. Configurations minimizing such non-idealities yield the highest
selectivity, highlighting the sensitivity of cracking performance to reactor flow patterns. By bridging the gap
between kinetic detail and realistic flow representation without resorting to costly CFD, this approach offers a
robust and versatile tool for assessing and optimizing next-generation steam cracking reactors.
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Abstract

The multiscale transport processes within the cathode catalyst layer play a crucial role in the overall performance
of PEMFCs. In this study, a multiscale modeling framework has been developed to accurately describe the
reaction and transport processes occurring on accessible porous carbon.
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Abstract

One of the biggest challenges in high-performance bioassays routinely used in point-of-care diagnostics and near-
the-source environmental surveillance is the ability to handle a sequence of liquid reagents without the need of
bulky equipment nor complex fluid handling. To address that engineering gap, we developed a microfluidic
siphon concept able to start/stop flow, self-prime, and deliver a sequence of reagents. Pressure balance modelling
and CFD simulations validated by an extensive experimental dataset confirmed flow rates in microfluidic siphon
devices is entirely driven by gravity and molecular cohesion.
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Abstract

Pykinemod is a software tool for the identification of homogeneous reaction systems from concentration data.
The incremental identification technique is employed for parameter estimation from a set of rate expression
candidates for each reaction. This approach is much faster in comparison to the simultaneous identification and
therefore expedites the parameter estimation process. The metric for evaluating rate laws can be selected by the
user and include the Akaike Information Criterion (AIC), AICC (corrected Akaike Information Criterion) and
RMSE (Root Mean Square Error). Further, the module allows the user to fine tune the predictions from the
incremental identification step by simultaneous identification. The k best candidate rate laws (where the integer
k can be selected by the user) for each reaction identified in the incremental identification step form the candidates
in simultaneous identification. Also, parameter estimates in the incremental identification step are used as initial
guesses. Overall, this dual strategy of employing both the identification strategies results in rapid and robust
identification of reaction systems.
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Abstract

The advancement of electrified chemical processes prompts interest in novel hydrocarbon valorization
technologies. Nanosecond-pulsed discharges (NPD) coupled with downstream Pd-based catalysts have shown the
best small-scale performance to date in a plasma process to convert CHa4 into ethylene (C:Ha). A series of
bimetallic Pd-Ag catalysts are hereby screened in wash coated configuration and integrated with NPD plasma.
Remarkably, the best performance is achieved with a low wt. % Ag catalyst. The thermal behavior of the post-
plasma catalytic reactor is analyzed, where a high concentration of C,H» poses challenges to traditional packed
bed reactors in terms of heat management. The use of conductive metallic (copper) substrates proves beneficial
in this case, allowing near-isothermal operation of the catalyst in a highly exothermal catalytic run. Finally, the
result is confirmed via fiber optic measurements.
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Abstract

The aim of this study is to obtain kinetic modeling of the selective hydrogenation reaction of ethylene by
optimizing the working parameters to obtain ethylene as a product of the hydrogenation reaction of acetylene and
investigating the theoretical and practical aspects of the main and side reactions taking place in the reactor. The
kinetic models of Langmuir Hinshelwood, Langmuir Hinshelwood Hougen Watson, Eley Rideal and Houriuti
Polanyi are discussed and analyzed in this study because of the scanning made considering the Pd/Al,O; catalyst
used in the ethylene production process. MATLAB codes are developed for these four different kinetic models by
using Petkim ethylene plant data. The parameters obtained with the model are used in the simulation by ASPEN
HYSYS program and the results are compared with the plant data. In addition to this, the effect of the change in
hydrogen mole fraction in the stream fed to the first column on ethylene and ethane conversions are also analyzed.
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Abstract

In multiple reaction networks, kinetic identification from experimental data is fraught with uncertainties, because
multiple kinetic models can often fit the data equally well. It is usual to start with a kinetic formulation and carry
out parameter estimation from concentration-time data from a batch reactor. Part of the challenge in such data-
fitting exercises stems from the fact that concentrations of species are affected in general, by not one, but several
reactions. Here we present an alternative procedure based on the concept of reaction extents. The extents of
reactions in the network are calculated as functions of time from concentration-time data in a data-preprocessing
step, and these are then used in model fitting. This approach is a reaction-centric (as opposed to a species-centric)
one, and makes it possible to discern the effects of changes in operating conditions or presence of catalytic
principles on individual reactions in the network, and also provides ways of reconciling data when redundancy in
ensured through more than the minimum number of measurements needed. The methodology is illustrated using
data on the alkaline oxidation of glycerol on Pd/Al,O; catalyst, by investigating how different pretreatments of
the catalyst influence different reactions in the network.
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Abstract

This study employs a kinetic and reactor model based on Langmuir-Hinshelwood surface kinetics to predict the
conversion and product distribution of a fatty acid and an aromatic compound, representing Used Cooking Oil
(UCO) and pyrolysis oil, respectively. The model simulates their individual processing as well as their co-
processing in a continuous system. Predictions for single feeds aligned well with experimental data, though some
deviations were observed for the aromatic compound at lower temperatures. In mixtures, the model captured the
experimentally observed trend of higher fatty acid conversion and lower aromatic conversion due to competitive
adsorption effects. The observed deviations in the aromatic compound conversion indicate a need for further
investigation and suggest that additional influencing factors might need to be incorporated into the model. These
findings highlight the importance of refining kinetic parameters and incorporating further experimental validation
for improved accuracy in co-processing models.
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Abstract

The phenomenon of ‘‘Conservatively Perturbed Equilibrium’’ (CPE) has been previously analyzed since its
discovery in 2019. Derived generally and illustrated computationally, new properties have been found for linear
mechanisms with degrees of freedom of one. The Gibbs Free Energy (G) has also been extensively analyzed with
consideration to CPE, involving energy levels and trajectories. Although the total G will descend to a global
minimum, extreme values found in individual components share characteristics to CPE time(s). For n = 3, it was
found that the times of all CPE points across substances are equal. This does not hold for general n. For general
n, we find: 1) time(s) of CPE-points do not depend on the magnitude of perturbations, 2) for the unperturbed
substance, the deviation of the CPE-extremum value from the initial equilibrium concentration is proportional to
the value of perturbation of the perturbed concentration, i.e. its initial deviation, and 3) for the unperturbed
substance, the individual contribution to the G will experience extremum, and its derivative will experience
inflection point(s), both occurring at these CPE time(s). These obtained properties can be used both for revealing
the chemical mechanism structure and for industrial applications, e.g., the obtaining of the over-equilibria which
have been found and studied computationally in industrial methane reforming reactions.
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Abstract

This work presents a low-order model (LOM) for predicting the performance of a shockwave turboreactor,
composed of a single stator-rotor-diffuser arrangement with a vaneless space. The aim is to bridge the gap between
low-fidelity models and shockwave turboreactor analysis in the preliminary design process, delivering results in
minutes rather than hours or days, as required by higher-order models. The LOM consists of a one-dimensional
(1D) meanline model for the stator and rotor, and a quasi-one-dimensional (quasi-1D) computational fluid
dynamics (CFD) model for the diffuser and vaneless space, where the continuity, momentum, and energy
equations are solved to simplify the complex three-dimensional (3D) phenomena associated with high energy
conversion in these components. The model is extended across multiple blade spans, with radial equilibrium
constraints, to ensure realistic spanwise flow behavior. Validation and calibration of the LOM are performed
using 3D CFD simulations for various turboreactor sizes. Finally, the model is coupled with a chemical kinetics
tool to assess selectivity under different operating conditions. The results demonstrate that the LOM accelerates
decision-making by providing reliable predictions in a significantly shorter time frame compared to full 3D CFD
simulations, making it suitable for turboreactor preliminary design, analysis, and optimization.
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Abstract

Hydrogen peroxide (H»O,) is a key redox signaling molecule that is reported to play a dual role in the
regulation/disruption of vascular homeostasis. The regulation of vascular and perivascular H,O» levels during
endothelial dysfunction, by H,O, generating (SOD) and scavenging (catalase, Gpx, and Prx) enzymes is an area
of active investigation. Studies investigating the effects of endothelial dysfunction on the expression and activity
of H>O, generation and scavenging enzymes have yielded ambiguous results. We developed an arteriole-based
computational biotransport model to quantitatively analyze the complex biochemical interactions between
superoxide, H>O, and the H202-generating/scavenging enzymes in the microcirculation and adjoining tissue
regions. Our results showed that vascular H2O: levels remain in the nanomolar range (1-30 nM) during moderate
oxidative stress, supporting regular signaling functions. As oxidative stress worsens, H20: levels increase to the
micromolar range (up to 0.5 uM), where they are likely to disrupt vascular homeostasis.
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Abstract

Data-driven modeling of silicone monomer synthesis process faces severe challenges due to intricate reaction
mechanisms, operational variability, and extreme sparsity of critical quality measurements (e.g.,
Dimethyldichlorosilane (M2) selectivity). In this paper, a novel task-aware temporal fusion network (TaFT-Net)
enhanced with robust meta-learning techniques in proposed, specifically designed for accurate time-series
prediction in such data-scarce industrial settings. First, in order to overcome the single architecture unable to
capture diverse temporal scales, a Multi-Scale Fusion Network integrates Bi-LSTM (core patterns) is constructed,
in which Transformer encoders model long-term dependencies, dynamic multi-scale CNNs extract mid-term
features, and temporal decay attention handles short-term dynamics. Then, we present a hierarchical fusion
mechanism with channel attention and gating, which adaptively combines multi-branch features to reduce
redundancy and prevent overfitting inherent in complex models trained on few-shot data. Besides, an Enhanced
Model-Agnostic Meta-Learning (EnhancedMAML) framework is introduced to tackle the challenges of few-shot
learning and cross-task generalization in data-scarce industrial settings In specific, a task reweighting scheme
guided by gradient similarity and dynamic time warping (DTW) distance is adopted to reduce the negative impact
of biased tasks. Meanwhile, projecting conflicting gradients (PCGrad) optimization guarantees the convergence
rate with the help of conflict-reduced gradient updates. Tests on 2023-2024 plant data show TaFT-Net
outperforms existing methods in accuracy, convergence stability, and cross-task generalization under extreme
data scarcity.
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Abstract

Catalytic hydrolysis of Ethylenediamine Bisborane (EDAB) has garnered great concern in the production of
hydrogen. In this work, nanocomposites based on CeO:2 doped with Pd were synthesized. CeOz2 obtained using
two process, one is hydrothermal synthesis methods using cerium nitrate another is green synthesis method using
cerium nitrate and the Aloe Vera extract. To make a comparative analysis of the structural characteristics,
morphology, composition, FTIR, SEM-EDX, BET, XRD analysis were used. The prepared catalysts were found
to be efficient catalysts in the EDAB hydrolysis/methanolysis process. A thorough kinetic analysis of the
catalyzed methanolysis/hydrolysis reaction was investigated.
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Abstract

In organosilicon production, operating conditions of the monomer synthesis process are critical for ensuring
product quality and production efficiency. However, strong coupling among process variables, delayed fault
detection, and difficulty in tracing low-yield causes hinder optimization and control. To address these challenges,
this paper presents a condition recognition framework that integrates deep feature learning with intelligent
diagnostics. The proposed method, named SAE-UMAP-K-Means, follows a two-stage structure: in the first stage,
stacked autoencoders are employed to compress and decouple high-dimensional process data, and UMAP is then
applied for nonlinear dimensionality reduction to retain essential process features. In the second stage, the latent
features are clustered using K-Means to identify distinct operational states. To further interpret low-yield
conditions, a Z-score-based dynamic attribution mechanism is employed to perform variance contribution
analysis and identify the key contributing factors. Finally, a case study on organosilicon monomer synthesis
demonstrates the proposed method's superiority over traditional PCA-K-Means and direct K-Means approaches,
achieving higher Silhouette Coefficients and lower Davies-Bouldin Index values.
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Abstract

Schwarzites are a hypothetical allotrope form of carbon proposed for the construction of new materials with
desired properties. Schwarzite P-surface design is explored in this work by using isolated sp>-hybridized carbon
heptagons for the construction of P-chambers according to Euler’s formula and by adding various length
nanotubes as connectors between chambers. The proposed design guides the bottom-up synthesis of Schwarzites
and offers a variation in DFT calculated electric and mechanical properties of materials - porosity, density,
Young’s modulus, and electric conductivity. Suggested nomenclature for the networks includes the symmetry of
the chambers, topological index of the chamber neck, number of carbon atoms, and the length of the nanotube.
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Abstract

Turquoise hydrogen, produced via methane pyrolysis, presents a promising low-emission alternative to
conventional hydrogen production. This process thermally decomposes methane into hydrogen and solid carbon,
avoiding direct CO; emissions. Carbon-based catalysts, such as carbon black, are active for catalytic methane
decomposition and electrically conductive for Joule heating. Moreover, the solid carbon byproduct can be
valorized.

Electrothermal fluidized bed (ETFB) reactors offer several advantages, including precise temperature control and
compatibility with renewable energy sources, which further contribute to decarbonizing the process. However,
long-term catalyst stability remains a key challenge for commercial deployment. This study evaluated the
performance of carbon black (CB) Pearls 2000 and soft-templated mesoporous carbon (SMC2) in a fixed bed
reactor. CB Pearls 2000 remained stable with the hydrogen space-time yield (STY) of 33.8 pmol H; gea™! 57! over
7 h. SMC2 also met the industrial productivity target of 1 ton H per kgc. despite a gradual decline in STY to 19.8
umol Hy g s°!. These results confirm the suitability of durable carbon-based materials for scalable and low-
emission hydrogen production.
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Abstract

Photochemistry can provide a promising way to degrade recalcitrant chemicals accumulating in water resources,
including per- and polyfluoroalkyl substances (PFAS). However, evaluating energy efficiency for photochemical
reaction systems remains a challenge, especially with commercial water treatment lamps. This work aims to
develop a cylindrical photochemical reaction chamber that can accommodate large-aspect ratio lamps, in which
quantum yields, and hence the energy efficiency, can be measured for various photochemical reactions. A
mathematical model was used to predict the number flux of photons that fall into a reaction environment placed
inside the chamber and the model was validated through pyridine photolysis under 254 nm light. The capability
of the system for studying photochemical pathways was further illustrated with methylene blue photolysis and its
associated reaction network under visible red light (632 nm).
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Abstract

Catalytic dehydrogenation of Ethylenediamine Bisborane (EDAB) has recently gained attention for efficient
hydrogen production. This study explores the preparation and comparison of Pd/Reduced Graphene Oxide
(Pd/rGO) catalysts synthesized through three distinct methods: hydrothermal synthesis, thermal reduction, and
green synthesis using linden (Tilia spp.) leaf extract. The prepared catalysts' structural, morphological, and
compositional characteristics were analyzed using FT-IR, XRD, SEM, TEM, BET, and XPS methods. The effects
of the Pd/rGO catalysts on the EDAB hydrolysis/ethanolize process were investigated. Comprehensive kinetic
analysis revealed a notably low activation energy, emphasizing the significance of the green synthesis method in
achieving both catalytic efficiency and environmental sustainability.
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Abstract

Quantitative structure—property relationships (QSPRs) are crucial for the rapid development of new sustainable
aviation fuels (SAFs). Machine learning models can be used for such purposes; however, the limited data
availability and the lack of interpretability hinder their application in SAF research. In this work, a comprehensive
dataset was compiled from experiments as well as literature sources. An artificial neural network (ANN) proved
successful in establishing (QSPRs) for important fuel properties — e.g., viscosity and flash point — as high
prediction accuracies (>90%) were obtained for all of the investigated properties. In addition, the contribution of
each feature within each descriptor of the ANN models was interpreted via a SHAP analysis.
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Abstract

Under suitable environmental and biological conditions, microbial cells often exhibit “S-shaped” growth behavior
when no inward/outward flow occurs in a fixed volume (batch culture). Such “S” curves are rich in information
regarding the response of microorganisms to altering conditions. To judge antimicrobial susceptibility, though,
even a simple comparison of growth delay, i.e., the duration required to reach a certain optical density (OD) with
respect to reference, offers great utility. Here, using the data obtained for multiplate-reader-based growth
monitoring of two model bacterial species exposed to graphene oxide (GO), we describe a Python-based code,
Growth Delay Comp (GDC), for analyzing the microbial growth delay (MGD) values. Minimizing manual data
handling by large, GDC takes the ODgoo values as input and computes the best linear fits to the linear-like region
of the exponential phase in each growth curve using a subset of data. Circumventing the outlier elimination needs,
this approach speeds up data analysis.

Acknowledgments

The previously published dataset was generated during the doctoral research of H.E.K. at Nanyang Technological
Univ., in a lab headed by Yuan Chen (now, at The Univ. of Sydney). We thank Y.C. for his support and
cooperation. H.E.K. acknowledges funding support through BIDEB-2232-B (122C339) and TUBA-GEBIP

programs.


mailto:karahanhe@itu.edu.tr

66

ABSTRACT #52

MaCKiE ABSTRACT REFERENCE NUMBER: G075
CHARACTERIZATION AND OPERATION OF A GLIDING ARC
PLASMA REACTOR FOR METHANE PYROLYSIS

H. Oztiirk, A.Y. Kaya and N.B. Uner”
Chemical Engineering Department
Middle East Technical University, 06800, Ankara, Tiirkiye

Corresponding Author: N.B. Uner (nuner@metu.edu.tr)

Abstract

Methane pyrolysis enables hydrogen production directly from natural resources while generating solid carbon
and eliminating CO, emissions. When conducted with a plasma, methane pyrolysis is attractive due to its
electrified nature and operational flexibility. This study presents the characterization and operation of a unique
two-dimensional gliding arc (GA) plasma reactor for methane pyrolysis.
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Abstract

This study explores the photocatalytic behavior of dye-sensitized ZnO by dissecting the individual roles of the
dye and the catalyst. Using a binary system of methylene blue (MB) and methyl orange (MO), we developed a
kinetic model that tracks both adsorption and degradation processes across varying pH conditions (3—11). The
model incorporates dye speciation and distinguishes between degradation in solution and on the catalyst surface,
driven by radicals and electron-hole pairs respectively. Special attention was given to identifying whether MB
sensitizer or ZnO initiates charge generation. To assess the impact of oxygen vacancies, ZnO was reduced at
500 °C by 10% Ha/Ar. Our findings offer new insight into the dual function of dye molecules as both pollutants
and sensitizers in photocatalysis.
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Abstract

Kinetic Monte Carlo (kMC) and Method of Moments (MoM) models were compared to simulate the pyrolysis of
polyethylene. To account for the volatile behavior of products, the kinetic models were integrated with vapor—
liquid equilibrium. The kMC model provided detailed molecular-level insights and accurate product yields, but
was computationally intensive. The MoM model, while more efficient, requires practical simplifications in mass
balance formulation and is less straightforward to integrate with volatilization, as more than average properties
are needed to recover an accurate product distribution. Together, these models offer complementary strengths for
mechanistic understanding and predictive modeling of the complex kinetics involved in polymer pyrolysis.
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Abstract

This study presents a systematic mathematical modelling and optimization framework for phosphate (PO4*)
removal from water using a water-soluble cationic polymer in a polymer-enhanced ultrafiltration hybrid process.
A three-factor, three-level Central Composite Design (CCD) was employed to evaluate the effects of pH (A),
polymer dose (B), and contact time (C) on removal efficiency as a model response. A second-order polynomial
(quadratic) model was developed and statistically validated via ANOVA, revealing a highly significant effect of
pH on the process (p < 0.0001), while other factors and interactions exhibited lesser influence. The model
achieved an R? value (96%), indicating strong predictive power, and the analysis confirmed a statistically
significant model fit. Optimization through response surface methodology (RSM) suggested that >85% PO4>
removal could be attained under alkali pH and optimal polymer dose conditions. These results promote data-
driven water treatment by providing a robust, scalable model for optimizing PO4* removal and guiding similar
environmental remediation applications.
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Abstract

A feature selection methodology tailored for data-scarce scenarios in chemical engineering is presented. The
approach combines domain knowledge, correlation filtering, and SHAP-based ranking to identify a compact,
informative descriptor set. Designed to maximize predictive power while enhancing model interpretability, the
method is demonstrated on surface tension data but is applicable to other low-data contexts.
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Abstract

This study presents biologically informed artificial intelligence models to predict human sensory perception of
scents and flavours. By integrating molecular structures, psychophysical sensory data, and perceptual attributes
(character and intensity), the models establish robust correlations that reflect the underlying biological
mechanisms of sensory processing. Graph neural networks (GNNs), pretrained on odor character data,
significantly enhance predictive accuracy when used to initialize intensity prediction models. Preliminary results
demonstrate that this approach reliably captures complex relationships between chemical structure and perceived
intensity. The resulting models provide valuable insights and practical tools for sensory innovation, facilitating
product development tailored to consumer preferences in flavour and perfume engineering.
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Abstract

The moment-inversion procedure currently used in EQMOM has been accelerated with Aitken's delta-squared
process. In this study, the accelerated moment-inversion procedure has been used to solve pure aggregation with
Brownian kernel and the results are compared with their self-similar solution.
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Abstract:

Flavor and aroma release in complex matrices is governed by a cascade of multiscale phenomena involving
physicochemical transport, surface interactions, and human perception. Traditional modelling approaches often fall
short in capturing the subtle interplay between material properties, environmental conditions, and psychophysical
response. In this context, artificial intelligence (Al) together with mechanistic modelling, can offer a framework to
uncover hidden relationships in high-dimensional data and to support the design of products with optimized sensory
profiles.

This presentation introduces a set of hybrid mechanistic-Al methodologies for modelling the release and perception of
volatile organic compounds (VOCs). In addition, it explores the use of these models within a generative Al framework
to propose novel formulations of aromatic and flavored products. The goal is to identify alternative ingredients that
preserve the sensory profile of existing formulations, offering viable replacements in response to regulatory, societal,
or supply-chain constraints. This approach provides a decision-support tool for the industry, enabling innovation in
formulation design while maintaining product identity and consumer acceptance.

We demonstrate the use of supervised learning approaches to model flavor retention and release, highlight the role of
physicochemical descriptors in perceptual persistence, and illustrate how psychophysical factors (e.g., intensity decay
and individual variability) can be captured and generalized across product categories.

Beyond formulation optimization, these approaches also support sustainability goals by enabling reduced reliance on
trial-and-error experimentation and guiding the design of more efficient delivery systems for sensory-active compounds.
This work bridges material science, transport phenomena, and Al to provide a scalable and transdisciplinary modelling
strategy for (bio) chemical systems where human perception plays a critical role.
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Abstract

The chemical industry is undergoing a transformative shift driven by the integration of digital technologies into process
development and optimization. Among these, hybrid modelling (HM) has emerged as a powerful methodology that
bridges the gap between traditional first principles models and modern data-driven approaches. By combining
mechanistic knowledge— such as conservation laws, thermodynamics, and transport phenomena—with machine
learning techniques, hybrid models offer a unique balance of physical interpretability, predictive accuracy, and data
efficiency.

Hybrid modelling is particularly valuable in fine-chemical and pharmaceutical processes, where data scarcity, complex
reaction mechanisms, and high regulatory standards pose significant challenges. Unlike purely data-driven models,
hybrid models can extrapolate beyond the training domain, valorize prior knowledge, and maintain robustness under
process variability. Applications range from CO: capture in spray columns and solvent-switch crystallization] to kinetic
modelling of telescopic reactions? and activity coefficient prediction in multicomponent mixtures.>

To overcome the complexity and manual effort traditionally associated with hybrid model development, our Automatic
HYbrid digital twins for PROcess modelling (HyPro) technology is pioneering the automation of hybrid modelling and
digital twin generation for the chemical industry. While hybrid models have demonstrated exceptional potential, their
construction typically requires deep interdisciplinary expertise and extensive manual tuning. HyPro addresses this
bottleneck by introducing a systematic, algorithm-driven approach to model design and training. Leveraging
deterministic and stochastic optimisation techniques - including mixed integer linear programming (MILP), differential
evolution, and Bayesian optimisation—HyPro enables the automated identification, correction, and training of hybrid
models.

A key innovation of the project is SINDybrid,* an open-source algorithm that detects epistemic uncertainties in
mechanistic models and augments them with interpretable, data-driven corrections. By framing model construction as
a mixed-integer optimisation problem, SINDybrid autonomously selects which equations require refinement, identifies
suitable surrogate expressions, and trains them efficiently—even with sparse or noisy data. This methodology has been
validated across diverse dynamic systems, including reaction networks, bioreactors, and oscillatory processes,
demonstrating strong generalization and robustness. HyPro also aims to extend these capabilities to a wide range of
physical-chemical properties and unit operations, and to democratize access to hybrid modelling tools for domain
experts without programming or machine learning backgrounds.

Hybrid modelling—especially when automated—is poised to become a cornerstone of smart chemical manufacturing.
It enables faster, more reliable model development, reduces experimental burden, and opens new avenues for innovation
and interdisciplinary collaboration in both industrial and academic settings.
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Abstract

This study introduces Kinetics-Informed Neural Networks (KINNs) as a data-driven yet physics-constrained framework
for modeling post-equilibrium dynamics in chemical systems governed by thermodynamic laws. Traditional
equilibrium thermodynamics provides final states of reactions but often fails to capture the transient trajectories once
systems are perturbed.

Classical kinetic modeling, while accurate, requires detailed rate constants and mechanistic assumptions that are
frequently unavailable. To bridge this gap, KINNs integrate neural architectures with thermodynamically consistent
kinetic constraints to learn dynamic responses beyond equilibrium. The methodology ensures conservation of mass,
energy, and free-energy while approximating reaction fluxes from limited observational data. A conservatively
perturbed equilibrium (CPE) approach is implemented, whereby small deviations from equilibrium states are
propagated through both kinetic equations and neural surrogates. This allows the network to learn trajectories that
respect detailed balance and second-law compliance. Benchmark case studies on reversible multi-species reactions
highlight the framework’s ability to reproduce non-linear transient responses. By embedding thermodynamic
consistency directly into kinetic residuals, the model avoids spurious oscillations and unphysical steady states.

Overall, KINN represents a novel synergy between equilibrium thermodynamics, chemical kinetics, and machine
learning. The framework offers new pathways for predictive modeling, control, and optimization of complex reaction
networks in both academic and industrial domains.
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Abstract

The literature on drying kinetics has promoted various approaches to describe the behavior of the drying rate using
analytical, empirical, and data-driven methods. In terms of empirical approaches, there is a lack of explanation of the
structure of the drying process. We propose a generalization of a set drying kinetics equation inspired by the anomalous
diffusion representation of Levy flights defined by Tsallis in terms of nonadditive statistical mechanics.
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Abstract

We assess the use of core—annular flow (CAF) to transfer viscous bioprocess broths with lower hydraulic penalties. A
2D, interface-resolving CFD model (VOF; k—omega SST) represents the section downstream of an induction head by
three coplanar inlets (water—broth—water) and is compared against single-phase broth at the same inlet velocity. The
setup captures the formation of a lubricating water annulus. We report pressure drop per unit length, pumping
power/energy, head, from start-up to a steady window. Results show that CAF consistently forms a lubricating layer
and substantially reduces hydraulic losses and shear relative to single-phase transfer. The workflow provides a compact,
reproducible “virtual plant” to support design decisions on CAF-style lubrication in sanitary pipelines.
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Abstract

This work presents an Al-driven framework for reproducing a target fragrance profile by identifying cost-effective
substitutes for key compounds. A mixture of limonene, geraniol, vanillin, and ethanol served as the target, with vanillin
selected for replacement. Odor values were calculated from gas-phase concentrations predicted by a validated diffusion
model and weighted using predicted fragrance note probabilities given chemical structure. Candidate molecules were
generated with a Gated Graph Neural Network and selected based on similarity, cost, and availability, yielding 1,2-
dimethoxybenzene as an effective substitute. Optimization via Covariance Matrix Adaptation Evolution Strategy
yielded a new formulation with the substituted ingredient that closely matched the target sensory profile. This can
accelerate innovation and reduce reliance on costly experimental trials.
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Abstract

Lecturers, supervisors and mentors have the unique privilege to support and shape individuals as well as society. Every
thought, every idea is human energy, through which we create knowledge and experience. Our role as lecturers,
supervisors and mentors is a highly responsible and deliberate action most appropriately desired. After decades of
narrowing down the focus on leaning methodologies, structuring curricula, receiving grades and degrees and pushing
people to reach others success, the time is right for a new vision for education, mentoring and support.

We humans want to create, understand and develop. When we do what love, we set off to seek for our worthy ideals
becoming reality, which makes us successful. On that journey, we experience positive emotions and may even enter a
state of enhanced capability when set challenges meet a high demand of our skills. We certainly need to enable in our
learners, students and mentees the skill of being successful. For seeking our ideals to become reality, we might require
more cognitive, more psychomotor or more affective skills, respectively, yet it all sources the same energy inside of us
and just translated differently to the outside world. This might be one of the first learning goals to provide to everyone.
Profound subject specific knowledge combined with the desire for collaboration and mutual cross-disciplinary
understanding might be a worthy ideal for lecturers to offer their learners to acquire. We as lecturers, supervisors and
mentors are role models, it starts with us. We can share our excitement for our subject, share our knowledge and
expertise, and share our positive vision for the future. Hence, we need to provide our learners, students and mentees the
freedom of choice where they want to go and support their development. They appreciate support way more than
direction. Remember, we humans want to create, understand and develop, it is our nature.

The focus shall be on learners', students’ and mentees’ development to facilitate their inspiration, creativity and
confidence. Time and energy are precious resources in any human being, the more we nourish it the better we (all)
flourish!
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Abstract

The three inherent trademarks of academic career (rather than just career in general) will be discussed: (1) accessibility,
(2) reputation and (3) academic freedom.

While any general career has its own rules and milestones, ups and downs, the author of the present work argues that
an academic career, a.k.a a career in science, does possess unique characteristic that are inherent to its very nature (Dietz
and Bozeman, 2005).

The first trademark is accessibility. In the world of academia, the stars like Nobel prize winners and Clarivate Highly
Cited Researchers are open for communication with beginners unlike, if you draw a parallel, the stars in Hollywood.

The second trademark is the importance of reputation, including adhering to research and publication ethics.

Whereas in real life a person can eventually rehabilitate himself/herself after having committed something and continue
a normal life, in the world of academia everything is etched in stone (Smaglik, 2006; Cyranoski, 2014; Chaplain,
Kirschner and Iwasa, 2020).

The third trademark is academic freedom, including the ability to choose your own path, even being a freelance
academician yet staying in the academia in broad sense of it.

The lecture will offer a rich discussion of academic career dos and don’ts, supplying the audience with colourful real-
life examples of research ethics violations and the aftermaths, as well as inspiring stories behind groundbreaking
scientific discoveries.
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Abstract

The aims of this investigation were to extract starch from low grade corn, cellulose from corncob, and essential oil from
sweet orange peel (SOP-EO) for the formulation of a pickering emulsion (PE) to inhibit fungal proliferation on peanuts.
Ultrasonication assisted extraction (UAE) was used for corn starch extraction. The optimum starch yield was (54.3%
db). Native starch (NS) was modified by annealing and autoclaving. NS and modified starch (MS) were characterized
for various techno functional properties. SOP-EO was extracted by steam distillation and used to control the growth of
Aspergillus niger (MIC 100ul/ml), Penicillium griseofulvum (MIC 50ul/ml), and Botrytis cinerea (MIC 50 pl/ml).
Cellulose was extracted from corncob using an alkali-extraction method. Cellulose was characterized by field emission
scanning electron microscopy, FT-IR, and TGA. PEs containing 5% and 10% EO were formulated by homogenization
followed by ultrasonication. PE containing 0.5% cellulose remained equally stable as of those containing 0.5% tween
80 for up to 21 d at room temperature. The contamination index (CI%) in 10% PE coated peanuts was significantly less
than the control group. PE based coatings are thus a promising strategy to enhance the shelf life of stored grain
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Abstract

The objective of this study was to model the kinetics of mycelial growth inhibition (PGI) of Moniliophthora roreri.
using silver nanoparticles (AgNPs) biosynthesized from a shelf fungus by evaluating their effect over time and across
different concentrations. Microbial death models (Chick-Watson and Weibull) were applied to describe the kinetic
behavior at concentrations of 50, 100, 200, and 400 ppm. The Weibull model showed a better overall fit, while the
Chick-Watson model improved significantly when concentration was included as a variable. A median inhibitory
concentration (ICso) of 141.3 ppm was estimated on day 15. The Kruskal-Wallis test revealed significant differences
between treatments (p = 0.015), and Dunn’s post hoc test indicated greater antifungal efficacy at 200 and 400 ppm. The
results confirm that AgNPs induce a dose-dependent inhibition of the pathogen and that their behavior can be described
using robust kinetic models, representing a key step toward their potential application in the sustainable management
of cacao diseases.
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Abstract

The logarithmic equation is a very useful and simple model to describe the progress of the enzymatic hydrolysis of food
byproduct proteins. The equation P = 1/b*In (a*b*t + 1) describes the product concentration against time modulated by
two kinetic constants, a and b. The use of the logarithmic equation was documented in the article of Marquez &
Fernandez in 1993 to model the hydrolysis of bean proteins by Alcalase. The authors did not cite a reference article to
sustain the use of this equation. An interesting approach was published by Qi & He in 2006 where the authors proposed
a reaction mechanism and the deduction of the logarithmic equation. Unfortunately, the mechanism was not properly
formulated. A possible source appeared from the hydrolysis of cellulose in the articles published by Ooshima and
Ohmine. The mathematical analogy of Ooshima and Ohmine equation for the enzymatic hydrolysis of cellulose by
cellulases and the logarithmic equation for the hydrolysis of proteins suggests that this is the origin although the lack of
connection in the literature. In conclusion, the logarithmic equation is empirically based and does not need to be
theoretical to justify its usefulness describing the hydrolysis of food byproducts proteins.
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Abstract

The rising demand for crayfish has led to population declines in several regions across their natural range. As a result,
establishing optimal rearing conditions has become essential, with dietary optimization being a key factor. In this
context, the present study conducted a 98-day feeding trial to assess the effects of fishmeal (FM) substitution with
Hermetia illucens insect meal (HM) in the diet of Pontastacus leptodactylus juveniles. The inclusion of HM in the diet
significantly altered the crayfish's whole-body chemical composition, indicating a distinct metabolic response compared
to fishmeal-based diets. Fatty acid analysis showed that palmitic acid (16:0) was the dominant saturated fatty acid
(SFA), oleic acid (18:1@9) was the primary monounsaturated fatty acid (MUFA), and linoleic acid (18:2m6) was the
most abundant polyunsaturated fatty acid (PUFA), followed by cis-11,14,17-cicosatrienoate (C20:3®3) and
docosahexaenoic acid (C22:6w3). Dietary HM inclusion significantly decreased the levels of SFAs, PUFAs, and 06
fatty acids, including C22:6w3, while increasing the ®6/w3 ratio and the hypocholesterolemic-to-hypercholesterolemic
ratio in the crayfish body. Alongside advancements in balanced diets and optimized culture conditions essential for
rearing freshwater crayfish, this study offers new insights into the suitability of insect meals as a nutritional component
for P. leptodactylus.
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Abstract

Ensuring food safety and maintaining quality control is becoming more crucial, especially in the food industry, where
chicken products are susceptible to spoilage and fraud. Properly identifying the freshness and species of chicken is vital
to avoid foodborne illnesses, uphold consumer confidence, and minimize financial losses due to fraudulent activities.
Traditional techniques for assessing meat quality, like visual inspection and manual labeling, are often slow, prone to
mistakes, and inadequate for handling the high demands of large-scale food processing and distribution.

The system integrates image-based classification through a custom Convolutional Neural Network (CNN) with volatile
organic compounds data to deliver a complete, real-time solution for determining the freshness of chicken. The custom
CNN was trained on a dataset of 850 images, which were used to classify chicken freshness.

Additionally, the use of pre-trained deep learning models (SqueezeNet, AlexNet, ResNet50, VGG16, and GoogleNet)
for evaluating chicken freshness resulted in an overall accuracy of 97.15%. It is worth mentioning that the same training
and validation datasets were used for all models, ensuring a fair and consistent comparison of their performance. The
custom CNN demonstrated a significant edge in processing complex image data.
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Abstract

Freezing is an effective method to preserve meat and retain its quality until it reaches consumers. However, freezing
induces changes in meat, primarily due to the formation of ice crystals, which can affect tenderness and functionality.
A more crucial step is the thawing prior to meat use because it has a large impact on the quality of frozen foods. Thawing
often leads to protein oxidation and major physicochemical changes including ice crystals growth, all of which result
in losses of quality and perceived value. This study aimed to evaluate the physicochemical and structural characteristics
of beef liver freezing (-18+2°C, 20 h) and subsequently thawed using three methods: water immersion (WI),
ultrasonication bath (UB) and air-fryer (AF). The objective was to assess the impact of these thawing methods on color
attributes, drip loss, protein stability, and meat color stability of the frozen beef liver samples. Compared to WI and
AFT, the drip loss of frozen beef liver treated with 40 kHz ultrasound was significantly higher (p < 0.05). The values
of L*, a*, and b* for the raw beef liver were significantly higher than those for the AF and UB samples (P < 0.05). The
AE values of liver samples thawed in W1 (8.08+0.69) for prolonged periods were higher than those of other samples. In
contract, the color of liver samples thawed using UB showed AE value (6.3240.20) closet to that of the raw liver sample.
Compared to raw beef liver (77.94°C) and WI (74.74°C), both air-fryer thawing (70.77°C) and ultrasonic bath thawing
(71.14°C) lower the denaturation temperature of the beef liver, indicating a reduction in its thermal stability. The lowest
MetMb content was observed in samples thawed using an UB (43.42%), followed by AF thawing (50.17%).
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Abstract

Airborne ultrasound (ABUS) is an emerging non-contact technology that transmits and receives ultrasonic waves
through the air, offering promising applications in food processing where hygiene and non-destructive testing are
critical. This study aims to simulate and experimentally evaluate the distribution of ultrasonic sound levels on the horn
surface during ABUS treatments at different frequencies (20, 40, and 60 kHz). All treatments were performed at a
constant power of 400 W, and sound level measurements were taken at five radial points along the horn surface using
a sound level measurement device. Simulations were conducted using the finite element method in COMSOL
Multiphysics (Version 6.3, Sweden) applying the Pressure Acoustics Model for air and Linear Elastic Shell Equations
for the solid horn structure. Results revealed significant changes in sound levels from the center to the edge of the horn,
with frequency-dependent interference patterns observed in both the experimental and simulated data. The predicted
distributions closely matched the experimental measurements, demonstrating the model’s accuracy in capturing radial
variations in sound levels. The findings confirm the potential of finite element modeling as a reliable tool for predicting
sound field behavior in ABUS systems operating at varying frequencies.
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Abstract

The aim of the study is to optimize pressurized water extraction, a sustainable and efficient technique for recovering
bioactive compounds, under different temperature, pressure, and time conditions using Design Expert software.
Additionally, to better understand the mass transfer mechanisms of the system, a multi-physics model combining heat
transfer, laminar flow, and the transport of dilute species was developed in COMSOL Multiphysics®, and a simulation
study was conducted to reveal diffusion profiles dependent on pressure and temperature. This integrative approach
highlights the potential of physics-based modeling in the optimization of green extraction processes and supports the
rational design of food-grade bioactive recovery systems.
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Abstract

This study investigated the hyperbaric inactivation (HI) of Alicyclobacillus acidoterrestris (ACB) spores in apple juice
at pressures of 150, 200, and 250 MPa for up to 24 hours at ambient temperatures (1823 °C). The impact of different
pasteurization pre-treatments — thermal (90 °C, 30 s), high-pressure (600 MPa, 3 min, HPP), pulsed electric field (30
kV, 80 ps, 1400 Hz, PEF), and ultrasound (67 W, 20 kHz, 5 min, US) — on spore inactivation by HI was also evaluated.
Inactivation data were fitted to non-linear kinetic models, including Biphasic, Log-logistic, and Weibull models.

Without pre-treatment, HI achieved approximately 4.56 log reductions in ACB spores after 24 hours across all pressure
levels, starting from an initial load of ~6 log CFU/mL. Pre-treatments generally did not enhance HI effectiveness, with
inactivation levels remaining around 4—5 log units after 24 hours, except for PEF, which resulted in a slightly lower
inactivation of only about 3.5 log units. Phase contrast microscopy indicated that spores did not enter to vegetative cells
state during HI, while this occurred for the control at ambient temperature and atmospheric pressure. When HI was
performed at 5 °C, lower inactivation levels were observed, achieving 3.86, 2.54, and 1.77 log reductions at 150, 200,
and 250 MPa, respectively, after 96 hours. The results of this work point to the possibility of using HI, before or after
conventional thermal and other nonthermal technologies (HPP, PEF, and US) pasteurization to render apple juice free
of ACB spores at room temperature and under refrigeration at moderate pressure (150-250 MPa) and with no thermal
input. This novel ACB spores’ inactivation process should be further studied in the context of ACB spores' high thermal
stability and its industrial relevance and for other spores as well.
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Abstract

Licorice drink, a traditional Turkish beverage, is produced and consumed in limited quantities due to its short shelf life.
While heat processing extends shelf life, it negatively affects its physical, chemical, and sensory properties. This study
investigated the use of pulsed electric fields (PEF) as a processing alternative. Licorice drink samples were treated under
varying conditions of time (108, 432, 756 us), temperature (6, 18, 30 °C), and electric field strength (2, 4, 7 kV) based
on a Box-Behnken design. PEF processing preserved the drink’s quality while achieving ~3 log cfu/mL microbial
inactivation. Response surface modeling identified optimum PEF conditions as 2 kV, 756 pus, and 7.48 °C. Shelf-life
studies showed that samples stored at 4 °C remained stable for up to 40 d, while those at 22 °C began deteriorating after
30 d. Overall, PEF proved effective for processing licorice drink without compromising quality.
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Abstract

Seed quality plays a pivotal role in ensuring crop performance, resilience, and productivity. This study explores the use
of pulsed electric field (PEF) treatment as a sustainable, non-thermal technique to improve the physiological and
microbial quality of tomato seeds. Seeds were subjected to PEF treatments delivering energy levels from 1.07 to 17.28
J. The treatment delivering 15.36 J resulted in the highest germination rate (72.81%) on day 7, while 17.28 J yielded
the highest percentage of normal seedlings (94.62%) (p < 0.05). Under cold conditions (24 °C for 5 d), the greatest
germination rate (46.67%) occurred at 1.92 and 10.88 J. Seeds exposed to 100 and 200 mM NaCl demonstrated
markedly improved germination following PEF treatment, with the 17.28 J dose achieving 62.00 +£0.90% and
50.00 £+ 0.60% germination, respectively (p < 0.05). Electrical conductivity increased significantly with incubation time,
independent of PEF intensity. Microbial analysis revealed a complete inactivation of aerobic bacteria and molds/yeasts
at the highest treatment level, with microbial counts reduced from initial levels of 4.00 £+ 0.03 and 3.06 + 0.03 log cfu/g
to below detectable limits. These results support the application of PEF as a practical seed enhancement strategy that
fosters germination, improves stress resilience, and ensures microbial safety—contributing to more sustainable
agricultural practices.
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Abstract

This study investigates the incorporation of rice bran (RB) as a functional ingredient in a low glycemic pudding-like
food model, focusing on its impact on physicochemical and functional properties. The compositional characteristics of
RB were analyzed using attenuated total reflectance Fourier-transform infrared spectroscopy (ATR-FTIR), while its
microstructure was examined via scanning electron microscopy (SEM). RB was incorporated into rice starch (RS)
pudding formulations at varying substitution ratios, and a factorial design approach was employed to optimize texture
parameters resembling conventional RS pudding. The optimized RB:RS ratio was subsequently used to prepare the food
model for further evaluation. An in vitro digestion protocol was applied to stimulate gastrointestinal conditions, and the
release of glucose during digestion was quantified. The study further evaluates the impact of RB on glucose
bioavailability using the Caco-2 intestinal cell model, highlighting its potential role in glycemic control and enhanced
functional food applications. This research aligns with growing interest in utilizing RB as a valuable ingredient to
mitigate metabolic health risks.
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Abstract

This study valorized carotenoids from Cucurbita moschata ("ahuyama" squash) through green extraction, spray-drying
microencapsulation, and food application. Conventional extraction yielded the highest f-carotene content (1244 mg/kg),
with ultrasound offering much faster, yet slightly lower yields and stability. Extracts were rich in B-carotene, lutein and
a-carotene, and stable over storage. Microencapsulation using modified starch/maltodextrin achieved >84% efficiency
under optimized conditions (~180 °C, 66% wall material). Both liquid and encapsulated extracts colored yogurt and
crackers comparably to synthetic dyes (FD&C Yellow #5/6), with good consumer acceptance and added provitamin A
value. This approach promotes clean-label innovations using a globally cultivated crop.
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Abstract

Chicory (Belgian endive) is a specialty crop and a prime export product of Belgium. Before production of the white
leafed crop in specialized dark hydroponic systems, roots are harvested from fields and stored in cold rooms. Accurately
predicting temperature dynamics in chicory storage rooms is critical for maintaining product quality and ensuring
energy-efficient operations. This study focuses on generating comprehensive Computational Fluid Dynamics (CFD)
datasets to capture the complex interplay of airflow, heat transfer, and dynamic thermal loads under multiple operational
scenarios. The validated CFD model incorporates detailed room geometry, porous media for the bins, fan dynamics,
and the cooling effect of the evaporator. Multiple transient CFD simulations were performed, each representing different
dynamic load conditions, external influences, and control inputs. These simulations provided detailed snapshots of
spatial and temporal temperature and velocity fields, forming a high-fidelity dataset for training a Time-Derivative
Physics-Informed Neural Network (TD-PINN). The TD-PINN learned the dynamic operator of temperature evolution.
This surrogate model aims to deliver accurate and rapid temperature predictions, supporting real-time scenario analysis
and adaptive control in chicory storage facilities.
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Abstract

The integration of artificial intelligence (Al) into functional food research and development is redefining traditional
formulation strategies by introducing greater efficiency, precision, and adaptability. Functional food design typically
involves multiple steps—such as ingredient selection, literature evaluation, biofunctionality assessment, and
production—each of which requires extensive time and expertise. Al-driven approaches can streamline these processes
by rapidly analyzing vast datasets, identifying patterns and relationships, and generating predictive insights that support
more targeted nutritional solutions. A central strength of Al lies in its ability to process both unstructured and structured
data sources. Unstructured data, including open-access scientific literature and clinical studies, provides broad insights
into ingredient interactions, dosage efficacy, bioavailability, production technologies, and consumer demographics.
Structured data, derived from proprietary databases and laboratory-generated results, offers more specific and higher-
quality evidence, though it is often limited in scope. The integration of these complementary data streams allows Al
systems to construct a holistic view of functional ingredients, enabling the design of formulations that are scientifically
grounded and consumer-responsive. Equally important is the validation of Al-generated predictions through empirical
studies. Preclinical and clinical trials not only confirm the safety and efficacy of proposed formulations but also feed
back into Al models, refining their predictive power and enhancing trustworthiness. This iterative feedback loop
strengthens regulatory credibility and supports substantiated health claims. Ultimately, the successful application of Al
in functional food development depends on interdisciplinary collaboration. Partnerships among data scientists,
nutritionists, food technologists, and manufacturers are essential for translating Al-driven insights into products that
meet regulatory standards while addressing evolving consumer health expectations.
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Abstract

The progress in the analytical methods in food science and technology brought about a novel and modern approach
concerning food quality, food safety, human health and even environmental health. The constituent omics approaches
have extensively been applied in biology and medical domains so far. Recently, food and nutrition scientists have also
been interested in these omics studies.

Constituent omics technologies, which are increasingly evolving, are implied separately or in combination, not only in
analyzing food constituents but also in food authentication, evaluation of food quality, food safety and human nutrition.
It is evident that using advanced analytical techniques in omics research has empowered scientists looking into food
and nutrition science at a broad perspective.

This review discusses the evolution of foodomics, and how foodomics approach elucidates the arguments concerning
food quality, food safety, the origin of food, human nutrition, and relatedly human well-being.
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Abstract

European beech (Fagus sylvatica L.) stands out as the most widespread forest tree in Europe, extending from southern
Sweden to Spain, Sicily, and northwestern Tirkiye. Oriental beech (Fagus orientalis) is a straight-stemmed beech
species from the Fagaceae family that can grow up to 40 meters tall and is native to Tiirkiye. Beech nuts consist of
approximately 33% shell and 67% kernel. The protein yield was determined to be 19.4% which is comparable to the
protein content of cashews, hazelnuts, and pistachios. In this research, the aim is to produce a functional grissini snack
enriched with aroma and flavor components by roasting and grinding the fruit seed of the beech tree, known as beech
nut, and adding olive paste. For this reason, the beech nuts were roasted traditionally then the formulation was made for
the snack dough and with olive paste the functional product obtained. Some physical and chemical properties were
investigated. As a result, color, textural and sensorial properties were determined and a healthy snack with beech nut
powder was produced successfully.
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Abstract

The increasing emphasis on sustainability within the global food system necessitates the development and
implementation of environmentally friendly food packaging systems. These innovative packaging solutions, commonly
referred to as green packaging, aim to reduce environmental impact while ensuring the preservation of food quality and
safety throughout the supply chain. This review examines recent advancements in biodegradable and bio-based
packaging materials and their functional roles within contemporary food systems, with particular focus on emerging
active and intelligent packaging technologies. The integration of such environmentally sustainable packaging systems
plays a pivotal role in minimizing food waste and reducing plastic pollution, thereby fostering more sustainable and
resilient food systems. Despite significant progress, widespread adoption of these packaging solutions is impeded by
challenges related to economic feasibility, material performance, regulatory compliance, consumer acceptance, and the
establishment of adequate end-of-life infrastructure. By elucidating the multifaceted functions of environmentally
friendly packaging within food systems, this study provides comprehensive insights and strategic approaches for their
effective integration to enhance sustainability across the food value chain.
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Abstract

The need to refrigerate minimally processed products and waste of up to 30% in the cold chain demonstrate the need to
develop tools that allow for efficient and low-cost evaluation of cold chain performance. Predictive microbiology was
used to evaluate the growth of spoilage microorganisms in fresh-cut mango pieces stored at temperatures between 2 and
15°C using the Weibull-Peleg model and a power function to determine microbiological growth and lag phase duration,
respectively. Ohmic heating not only reduced microbial loads but also extended the lag phase and reduced growth rates
of psychotropic bacteria and mold and yeast. These models could be a valuable tool for shelf-life prediction of
refrigerated mango pieces when handled under highly variable temperature such as those observed in refrigerated

shipping.
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Abstract

Olive leaves, a major byproduct of olive oil production, are rich in polyphenolic compounds (especially
oleuropein) with notable antioxidant and health-promoting properties. Ultrasound-assisted solvent extraction
(UAE) can enhance the recovery of these phenolics compared to conventional methods. In this study, a Box—
Behnken design (response surface methodology) was employed to optimize UAE conditions (ultrasonic
amplitude, extraction time, and ethanol-water concentration) for maximizing total phenolic content (TPC) in
olive leaf extracts. Three factors (amplitude 40—80%, time 2—18 min, EtOH 40-80% v/v) were varied, and a
quadratic model was fitted to the experimental data. The model identified 68% amplitude, 18 min, and 59%
ethanol concentration as the optimal conditions, which yielded the highest TPC. This optimum was
experimentally validated, yielding notable higher TPC than extractions using water only or higher ethanol
concentration. The optimized UAE process substantially improves polyphenol yield from olive leaves, supporting
the valorization of olive leaf waste into value-added antioxidant extracts.
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Abstract

The health effects of phytochemicals such as phenolics depend on their stability, bioaccessibility, and transport
during gastrointestinal digestion. These factors are influenced by food processing methods and matrix
interactions, which can enhance or inhibit compound release and absorption. This study aims to present the results
of our current research on the impact of thermal and non-thermal processing (high-pressure, pulsed electric field)
and matrix composition (e.g., milk proteins, dictary fibers) on the stability, bioaccessibility, and transepithelial
transport of phenolics using in vitro simulated digestion coupled with Caco-2 cell models. On the other hand,
examples of mathematical modelling framework developed to simulate phytochemical release, transformation,
and transport kinetics during digestion, incorporating physicochemical properties, enzymatic reactions, and
matrix—compound interactions will be covered. Model predictions aligned closely with experimental data,
enabling the identification of conditions that optimize phytochemical retention and bioefficacy. In general, results
demonstrate that certain non-thermal techniques and specific matrix compositions can improve phenolic transport,
while others may reduce bioaccessibility. The integration of experimental and predictive modelling provides a
powerful tool for designing functional foods with enhanced nutritional value and health benefits.
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Abstract

Salmonella enterica is one of the main pathogens associated with the ingestion of contaminated food worldwide,
with Typhimurium being the most frequent serotypes isolated from contaminated food. S. Typhimurium shows
the capacity to develop biofilms, responsible for cross-contamination during the food processing. Despite
differences in adaptation among different S. Typhimurium isolates, the underlying mechanism remains poorly
understood. Therefore, this study investigated the responses of different S. Typhimurium isolates to medium-
chain fatty acids (MCFAs). By analyzing physiological differences among Salmonella isolates, the impact of
MCFAs on S. Typhimurium biofilm formation and colonization capabilities were clarified. Then, we identified
key association of AceK function with response to MCFAs, revealing two distinct adaptation strategies.
Furthermore, we confirmed the regulatory function AceK and the key gene site was verified. This study highlights
the physiological variations among S. Typhimurium and demonstrates the crucial role of AceK in governing its
metabolic adaptation. These findings provide new insights into understanding the ecological behavior of S.
Typhimurium and shed light on potential control strategies.
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Abstract

Moniliasis, caused by Moniliophthora roreri, is one of the main threats to sustainable cacao production in
Ecuador. Due to the limited effectiveness and negative impacts of chemical fungicides, biosynthesized silver
nanoparticles (AgNPs) have emerged as a promising alternative. In this study, the antifungal activity of AgNPs
obtained through green synthesis was evaluated in vitro. Four concentrations (50, 100, 200, and 400 ppm) were
tested against three M. roreri strains, and the percentage of mycelial growth inhibition (PGI) was calculated. The
AgNPs exhibited significant and dose-dependent inhibition, with values exceeding 90% at 400 ppm in two of the
strains. Statistical analysis confirmed significant differences between concentrations and strains. These findings
support the potential use of fungal-derived AgNPs as a sustainable plant disease control tool, with positive
implications for food security and the reduction of agrochemical use in cacao production.
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Abstract

Several kinetic equations may simultaneously describe the rate of a heterogeneous catalytic process. In these
circumstances, discrimination between the competing kinetic models is necessary. Herein, we introduce an
approach to select the relevant kinetic model of a heterogeneous catalytic process by the transition from a reaction-
rate-limited regime to an intraparticle-diffusion-limited regime. The effectiveness factor for the rival models may
obey considerably different trends versus reactant concentration. Therefore, accounting for the effectiveness
factor allows one to obtain an instrument for the discrimination between the kinetic models. The proof of concept
is demonstrated using exemplary kinetics of the methanol dehydration over a commercially available activated y-
alumina catalyst.


mailto:al.zhokh@gmail.com

105

ABSTRACT #91

MaCKiE ABSTRACT REFERENCE NUMBER: G042

COUPLED AND DE-COUPLED ACTIVE SITES IN CATALYTIC
REACTIONS

Christoph Sprung
Stirnerstr. 12
12169 Berlin, Germany

Corresponding Author: kinetics@active-sites.de

Abstract

Kinetics in catalysis is often described by events on a single active site in simulations and calculations. It is
assumed that all catalytic reactions take place on that site and selectivity is explained through multi-route
concepts. Chemical logic, however, would suggest to look at it from a different angle. In this contribution the
experimental evidence and simulations for the necessity of various active sites are presented, satisfying chemical
logic. Furthermore, the view is extended to several reactions in order to support the more general validity of this
concept, which states: For every product that is produced there has to be an individually shaped active site for the
formation of this specific product. Therefore, every product appears with its own kinetic trend, which could be
called a kinetic fingerprint.
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Abstract

Chromium exists in several valance states in nature of which Cr(VI) is carcinogenic. Chromium contamination
in water is a widespread problem and determination of different oxidative states and concentrations, especially of
Cr(VI) is very important. The aim of this work is to combine machine learning with chemical speciation models
to determine Cr(VI) concentrations in aqueous solutions using spectroscopic data. The proposed approach first
constructs a database of UV-vis spectra of different Cr (VI) species by combining machine learning with chemical
speciation model. This is subsequently used to infer concentrations of various Cr(VI) ionic species and total
Cr(VI) concentration directly from UV-vis spectra. We show that fairly accurate estimates of ppm level Cr(VI)
concentrations in water over a wide range of pH can be obtained in a direct manner without use of any additional
reagents.
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Abstract

This study employs Monte Carlo simulation to quantify uncertainties in national CO: emission trajectories for
India, China, and Tiirkiye, focusing on technology adoption rates and emission coefficients in the steel sector-
one of the most emission-intensive industries. Alongside probabilistic projections, deterministic Business-as-
Usual (BAU) and Net-Zero (NZ) scenarios were constructed to evaluate emissions reduction potential. By
quantifying the range of possible outcomes, this approach can provide policymakers with a robust framework to
design flexible, risk-informed decarbonization strategies that remain effective under uncertainty.
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Abstract

Population Balance Equation (PBE) is crucial for modeling particulate aggregation and fragmentation phenomena
across chemical and allied industries. This study presents a novel Physics-Informed Neural Network (PINN)
tailored for solving a simplistic aggregation-fragmentation problem using a classic case study with analytical
solutions. The case of embedding the governing equations in the loss function enforces the underlying physics
throughout training. Comparisons with analytical solution of PBE confirm the accuracy of PINN approach,
validating its predictive capability. This approach significantly advances particulate system dynamics modeling,
with potential applications in optimizing industrial particulate processes and addressing broader class of integro-
differential equations.
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Abstract

This study introduces a novel Physics-Informed Neural Network (PINN) framework for simulating hydrogen and
carbon-monoxide over-equilibrium deviations under conservatively perturbed equilibrium (CPE) conditions in
methane reforming. The method eliminates the need for dense solution data by enforcing complete compliance
with chemical dynamics by directly integrating precise reforming kinetics and equilibrium boundary values into
the PINN's loss function. The trained model accurately resolves transient extrema in product mole fractions—
features often missed by conventional solvers—using substantially fewer collocation points. Superior accuracy
in forecasting the timing and amplitude of CPE peaks is confirmed by validation against exact ODE integrations.
These results demonstrate that PINN is a potent, mesh-free tool for uncertainty-quantified design, process
optimization, and real-time reactor diagnostics in industrial reforming.
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Abstract

Monte Carlo simulations of Fischer-Tropsch synthesis (FTS) conducted using a MATLAB-based surface model
demonstrated that methane selectivity significantly decreased when hydrogen access to the surface was limited
to defect-like sites or when (CO), formation occurred, consistent with literature findings. These results emphasize
the critical role of adsorbate distribution in steering FTS product selectivity and provide a computational
framework for optimizing catalyst surface design.
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Abstract

The degradation of malondialdehyde (MDA) in saturated glycerol triheptanoate oil is studied in the temperature
range 298.2 — 453.2 K. Given the non-ideality of the solution, activity coefficients are taken up in the kinetic
model. The corresponding reactions in the kinetic model include the reversible MDA hydrolysis and irreversible
MDA dimerization (self-condensation). Significant parameter estimates are obtained via nonlinear regression and
an excellent correspondence with experimental data was found.

Simulations with (1) variation on initial water content and (2) variation in MDA production, via a general
production rate using an Arrhenius relation mimicking the lipid oxidation reactions, demonstrate that the
measured MDA, as well-known marker for lipid peroxidation processes, is no straightforward indication for its
production via lipid oxidation processes as degradation might occur.
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Abstract

This work simulates the performance of selective oxidation within a representative volume of a wall-cooled
packed-bed catalytic reactor using particle-resolved simulations. Transport phenomena are coupled with a
microkinetic model developed through multiscale hierarchical methodologies, incorporating information from
Density Functional Theory (DFT). The study reveals how fluid dynamics affect heat and mass transfer and, in
turn, how these influence reaction kinetics, particularly by enhancing selectivity toward the compound of interest.
These insights provide guidance on how to optimize, or even intensify, selective oxidation reactions of industrial
relevance.
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Abstract

A previously overlooked, reversible catalytic reaction—enolization—consistently occurs when carboxylic acid vapors
contact metal oxide surfaces. The relatively strong acidity of the CO-H group leads to formation of surface-bound
carboxylate on Lewis acid sites. Although the a-C—H is much less acidic and invisible in direct observations, it
participates in H/D isotopic exchange, revealing enolization. This enolized intermediate can condense with another
surface carboxylate, forming ketones via decarboxylation—a key step in oxygen removal during biofuel upgrading. In
this study, the rate of equilibrium H/D exchange at the a-carbon of isobutyric acid (in vapor with D20) and reverse D/H
exchange (with a-deuterated acid and H.0) was measured over monoclinic ZrO: and anatase TiO.. Faster H/D vs. D/H
exchange indicates a-deprotonation as rate-determining. Intrinsic enolization rates were obtained using the McKay
equation, with activation parameters determined from temperature-dependent kinetics. KOH-doped ZrO: showed
increased enolization rates and raised the H/D isotope effect from 1.4 to 8.3, due to transition state changes. In contrast,
KOH had little effect on TiO-, with rates slightly reduced and kH/kD stable at 2.7-2.8. These findings confirm that C—
C coupling, not enolization, is the rate-limiting step in decarboxylative ketonization.
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Abstract

Chemical process optimization involves selecting unit operations and pathways to maximize profit while minimizing
costs. This study develops a surrogate-based superstructure optimization methodology using artificial neural networks
(ANN), mixed-integer nonlinear programming (MINLP), and chance-constrained programming. The cumene
production process, which is an example process, is modelled in Aspen Plus, and a dataset is generated for ANN training.
A superstructure is formulated with alternative pathways, and optimization is performed using Pyomo library via
Python. Three case studies compare ANN training methods and constraint formulations. The proposed approach
optimizes complex process flowsheets, identifying optimal process design variables and pathways while ensuring robust
solutions through chance-constrained programming.
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Abstract

As university campuses strive for carbon neutrality, deploying energy management tools that uphold long-term
sustainability objectives while maximizing operational efficiency is essential. This study develops a mixed-integer
linear programming (MILP) framework focused exclusively on maximizing the energy efficiency of an integrated on-
campus energy system. Historical heating, cooling, and electricity demand measurements (originally recorded at
irregular intervals) are transformed into continuous profiles by fitting cubic smoothing splines and enforcing total-
energy consistency via integral matching to daily aggregates. These continuous demand functions are then discretized
at hourly, half-hourly, and 15-minute resolutions, before being used in the MILP formulations. By comparing dispatch
performance across these time-step granularities, the analysis will quantify the benefits of high-resolution control for
improved tracking of load dynamics and enhanced storage utilization.
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Abstract

Dried fruits are widely consumed for their nutritional value and prolonged shelf life; however, they remain vulnerable
to microbial contamination during processing, packaging, and storage (Guirguis, 2018). Predictive microbial modelling
has become an essential tool in food safety management, allowing researchers and industry professionals to estimate
microbial growth, survival, and inactivation under diverse environmental conditions (Tarlak, 2023). These models are
generally classified into primary, secondary, and tertiary types, and are already extensively applied in dairy, meat, and
fresh produce sectors (Tarlak, 2023; Meinert et al., 2023). Emerging techniques such as artificial neural networks
(ANN), computational fluid dynamics (CFD), and multiscale modelling offer enhanced predictive accuracy with
reduced dependence on experimental trials (Akter et al., 2022). Despite this progress, dried fruit applications remain
underrepresented in current literature (Canakapalli, 2021). Given the distinctive properties of dried fruits—low water
activity but high hygroscopicity—their microbial safety requires special attention (Canakapalli, 2021). This review
highlights the relevance of modelling approaches such as Gompertz, Baranyi, and Ratkowsky models, and advocates
for the adaptation of these tools to dried fruit systems. Expanding the use of predictive microbiology in this sector can
improve risk assessment, support HACCP integration, and foster the development of safer and more sustainable drying
and storage practices (Koseki, 2016; Tarlak, 2023).
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Abstract

This study evaluated the microbial preservation performance of a residential refrigerator by integrating time-
temperature data and predictive microbiology models to develop a Refrigerator Performance Indicator (RPI). Whole
milk, Panela cheese and chicken breast meat samples were stored in different locations of a refrigerator operating with
different ambient temperatures, food loads and temperature settings. Storage location and temperature setting had a
statistically larger influence on preservation performance. Milk samples placed on the door shelf consistently showed
poor performance, whereas excellent preservation performance was achieved for chicken breast samples stored in a
closed cabinet with independently controlled temperature. Moreover, higher food loads buffered temperature increases
during door openings but delayed food temperature recovery due to thermal inertia. This study suggests that changes in
the temperature setting chosen by consumers and cold air distribution improvements can enhance the microbial
preservation performance of a refrigerator and reduce foodborne illness risks and food waste.
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Abstract

The preservation performance of fresh-cut mango shipments under the highly variable temperatures characterizing
refrigerated transportation was assessed using indicators based on predictive microbiology and time-temperature data.
After assessing the statistical variability of these indicators using Monte Carlo simulations, they could be used for the
real-time monitoring of refrigerated transportation and of the entire cold chain for fresh-cut mango and other products.
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Abstract

Shelled walnut (Juglans regia L.) was characterized by its dielectric properties using the thru-reflect transmission line
method, determining the permittivities of the air-nut mixture and the solid nut, bulk permittivity (e..) and particle
permittivity (€,.), respectively, at three temperatures (20, 40, 60°C) in the frequency range of 27 — 5000 MHz. The
dielectric constant and loss factor decreased as the frequency increased, regardless of the type of permittivity used (€
or &,.), whereas a decreasing trend with temperature was observed. Higher penetration depth (d,) values were observed
in the radiofrequency range. For example, at 40 °C and 27 MHz, the dp was 5.27 m, whereas at the same temperature
and 5000 MHz, the d, was 1.35 m. Additionally, d, values using &... were higher than with ¢,... DP are useful to design
future radiofrequency and microwave treatment strategies for these nuts.
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Abstract

The physicochemical quality of in-shell pine nuts was evaluated to analyze the impact of a radiofrequency (RF) heat
treatment at 60°C for mold inactivation. An analysis of variance was performed with a 95% confidence level and a
Tukey test to determine significant differences before and after radiofrequency heating. The results showed a significant
reduction in water activity (a.) from 0.659 + 0.01 before treatment to 0.510 + 0.01 reflecting a reduction in moisture
content (p<0.05). Color was not affected by the RF treatment (p>0.05). Although the RF treatment lowers the moisture
content, the a. reduction of the in-shell pine nuts may be positive since the risk of being attacked by molds will be lower.
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Abstract

Mosambi (Citrus limetta) peel, an abundant agro-industrial by-product, was valorized through optimized drying and
protein extraction, employing advanced modeling and optimization techniques. Drying kinetics were studied under
varying temperature (50-90 °C), sodium chloride concentration (2—10%), and bed thickness (1-4 mm), modeled using
Gaussian Process Regression (GPR), Artificial Neural Network (ANN), and Response Surface Methodology (RSM).
GPR achieved superior predictive accuracy for unseen data (R?=0.82, RMSE = 0.191), outperforming ANN and RSM.
Ultrasound-assisted protein extraction using the pH-shift method was modeled via Support Vector Regression (SVR)
and optimized with a Genetic Algorithm. Optimal conditions (187.5 um particle size, 10.79 min, 53.15% amplitude)
yielded 54.24% protein with 90.2% purity. Functional characterization revealed good emulsifying (26.3%), oil-holding
(3.1 ml/g), and foaming (30%) capacities, with XRD indicating predominantly amorphous structure. The study
demonstrates the potential of machine learning-based modeling for process control and optimization, enabling
sustainable utilization of citrus peel waste in functional food applications.
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Abstract

Two independent studies investigated the extraction kinetics and process optimization of pectin from Citrus
limetta peel using ultrasound-assisted extraction (UAE) and microwave-assisted extraction (MAE). Kinetic
modeling through central composite design (CCD) in UAE revealed significant influences of pH and extraction
time, achieving a maximum yield of 35.58%. MAE incorporated Support Vector Regression (SVR) coupled with
a genetic algorithm to capture nonlinear microwave heating kinetics, predicting optimal conditions (600 W, pH
1, 180 s) with 32.75% yield (R?train = 0.984, R?test = 0.993). Both methods confirmed pseudo-second-order
kinetics, with cavitation (UAE) and volumetric heating (MAE) as key mechanisms. Extracted pectins exhibited
high equivalent weight (>790), methoxyl content (~8%), and desirable water/oil holding capacities, qualifying as
high methoxyl pectins. Application trials in cookies demonstrated up to 30% butter replacement without
compromising sensory quality. These results highlight the role of machine learning and kinetic modeling in
sustainable valorization of citrus waste into functional food ingredients.
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Abstract

Accurate classification of honey by botanical origin is essential for authenticity verification and quality control.
In this study, FTIR spectroscopy was combined with machine learning (ML) and deep learning (DL) approaches
to classify honey samples from five botanical classes. Spectral data were normalized and evaluated using 5-fold
cross-validation. Classical ML models (SVM, Decision Tree, Ensembles, and Logistic Regression) achieved
accuracies ranging from 86% to 96%, with the Voting and Logistic classifiers reaching 96% (F1 =~ 0.94). A 1D
Convolutional Neural Network (CNN) trained on the original dataset achieved perfect classification (Accuracy =
1.0, F1 = 1.0). To test dimensionality reduction, Principal Component Analysis (PCA, n=10) was applied before
CNN training, yielding slightly lower but still robust results (Accuracy ~ 0.96, F1 = 0.95). Random Forest feature
selection identified key spectral bands contributing to discrimination, while autoencoder-based t-SNE
visualization revealed clustering of most classes with some overlap. The framework integrates predictive accuracy
with interpretability, providing a rapid and reproducible approach for honey authentication and botanical
classification.
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